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Documentation Closeout Review 

Logistics 

•  Location: NASA Ames Building 244/ Rm 103 

•  Dial-in Information:  
–  (818) 354-4044 or (844) 575-9329 

•  Webex Information: 
–  Join the meeting or https://jplwebex.jpl.nasa.gov/orion/join?siteurl=jplwebex 
–  Meeting number: 991 006 761 
–  Password: KDR1 

•  Wireless Network Access: 
–  Guest network access will be provided for all visitors 

•  Materials hosted at: http://exep.jpl.nasa.gov/kdr/ 
–  Username: telescope 
–  Password: reactionwheel 
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Agenda- DCR Step 1 
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Topic Speaker Duration (min) Time 
Logistics/Agenda Stephen Walker 5 min 10:00-10:05 

Review of DCR Terms of Reference Ingolf Heinrichsen 10 10:05-10:15 

Project Status Summary Charlie Sobeck 15 10:15-10:30 

DCR Documentation Summaries 
    -Documentation Scope 
    -Documentation List 
    -Product/Documentation Repositories 

Stephen Walker 15 10:30-10:45 

Introduction Handbooks/Manuals/Data Release Notes Stephen Walker 5 10:45-10:50 

    -KIH & KAM Walkthrough Mike Haas 60 11:00-12:00 

     Lunch Break (Delivered) 60 min 12:00-13:00 

    -KDRN & KDCH Walkthrough Mike Haas 30 13:00-13:30 

    -KDPH Walkthrough Jon Jenkins 45 13:30-14:15 

Overview of ORP Documentation Mike Haas 30 14:15-14:45 

Overview of Pipeline Source Code Release Stephen Walker 15 14:45-15:00 

Schedule Status Stephen Walker 10 15:00-15:10 

Final Remarks (End of Formal Presentation) Stephen Walker 5 15:10-15:15 

Review Team Discussion Ingolf Heinrichsen 60  15:15-16:15 

Initial Review Team Feedback Ingolf Heinrichsen 15 min 16:15-16:30 
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Review of DCR Terms of Reference 
-Ingolf Heinrichsen 
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DCR Terms of Reference (TOR) 

•  Purpose: 
–  The purpose of this DCR is to ensure that the legacy archive products 

are properly documented for use in future scientific studies after 
mission closeout 

•  Scope: 
–  Provide legacy records of the mission instrument, data types, data 

processing, and the Kepler archives (MAST & NExScI) 
•  Required documentation: Kepler Instrument Handbook (KIH), Kepler Data 

Processing Handbook (KDPH), Kepler Data Characteristics Handbook 
(KDCH), and Kepler Archive Manual (KAM) 

–  Provide documentation of the science products that enable meeting the 
science goals 

–  Ensure timely release of the Kepler pipeline source code 
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The DCR was established as part of the Kepler close-out plan and identified as one of the 
major milestones to be accomplished before Kepler close-out can be considered successful 
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Introductions- DCR Review Team 

Ingolf Heinrichsen (Chair) Kepler Mission Manager (JPL) 

Steve Howell Kepler/K2 Project Scientist (ARC) 

Nick Gautier ExEP PCCB Science Advisor (JPL) 

Mario Perez HQ Kepler Program Scientist (NASA HQ) 

Faith Abney MAST Archive Lead 

Rachel Akeson NExScI Archive Lead 

Thomas Barclay Kepler/K2 GO Office Director 

Jessie Dotson Astrophysics Branch Chief (ARC) 

Tom Roellig Ames Astrophysics Branch (ARC) 

Sean Carey IPAC CalTech 

Padi Boyd TESS Guest Investigator Program Office Lead;                           
Deputy Project Scientist for HST Operations 

Doug Hudgins Program Scientist, ExEP Science Mission Directorate (NASA HQ) 

Scott Fleming Archive Scientist, MAST Representative  
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David Breda: Review Manager 
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Expectations of Reviewers- DCR Step 1 

•  Identify any gaps in required documentation (KIH, KDPH, KDCH, 
and KAM) 
–  Provide guidance to the project on the prioritization of RFA requests on 

the required documentation 
•  Review thoroughness of ORP review cycles  
•  Assess the status of plans to annotate and make the pipeline 

source code available to the community 
•  Identify any missing documentation 

–  The review board may identify additional desirable documentation for 
HQ consideration as added scope 

•  Provide RFAs to the project within 7 days of DCR Step 1 meeting 
–  Due to project by COB April 20, 2016 
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RFA responses from project by 5/20/16 
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Project Status Summary 
-Charlie Sobeck 
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Mission Timeline Summary 

•  Launched in 2009, the Kepler mission began gathering science data in May, after a 
two-month commissioning period. 

•  Science data collection ended in May 2013, after a second reaction wheel failed. 

•  Data is organized by quarters, separated by 90° spacecraft rotations to reorient the 
solar panels. 

–  Commissioning data (a portion retroactively identified as Quarter 0) has been selectively 
provided to the archives, though not originally intended as a deliverable product. 

•  Mission data was processed quarter-by-quarter as it was received, with pixel files 
and light curves delivered to the MAST archive each quarter – each quarter 
processed by the the pipeline software version current at the time. 

–  The full mission dataset was uniformly reprocessed with the penultimate pipeline 
software release (9.2), and fully processed again with the final pipeline release (9.3) 

•  Planet searches were conducted roughly annually on the accumulated dataset and 
result catalogs delivered to the NASA Exoplanet Archive at NExScI. 
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Mission Product Deliveries 

The Kepler Mission has two primary deliverables: 

•  Observational datasets at MAST (with documentation) 
–  Science data (pixels & light curves) 
–  Calibration data (collateral, background, etc.) 
–  Engineering data (housekeeping, navigation, etc.) 

–  Everything necessary to support legacy use of Kepler-collected data 

•  Transit search results at NExScI (with documentation) 
–  Object catalogs 
–  Candidate evaluations 
–  Pipeline performance  
–  Catalog assessment 

–  Everything necessary to compute planetary occurrence rates 
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FY14 FY15 FY16 FY17

2014 2015 2016 2017

J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O

Milestone L1 Milestone Summary Bar Margin Required Date Required Date Unmet
by Projected Milestone Key Event Critical Path Community Involvement

Status Date: 04/06/2016
Kepler Closeout

Community Involvement

Q1-Q17 Uniform (SOC 9.2)

Pipeline Development

Data Processing

Catalog Generation

Community Involvement

Completeness & Reliability

Q1-Q17 Flags & Ap (9.3)

Pipeline Development

Data Processing

Catalog Generation

   Supplemental Catalog

Community Involvement

Completeness & Reliability

FOP

Star Properties Catalog

Documentation

1st Generation ORP Available (A.0, A.1, A.2, D.0)

4/2
9.2 Release

10/1
TPS/DV

12/9

[HQ1]
Long Cadence

3/26

[HQ2]
Short Cadence  

12/15
TCEs Delivered

3/4
Stabilize KOIs        

5/4
Freeze KOIs

8/26
Dispositions

9/22

[HQ10]
Deliver KOI Catalog

2nd Generation ORP Available

10/13

Hack Week

2/25
First ORP Delivered

9/14
Hack Week Deliverables

12/3

[HQ8]
Deliver C&R Products

7/25
FCA

10/3
Freeze

[HQ5]              
9.3 Release              

3/3              
       [HQ5a]
       3/19

[HQ5b]   
[HQ5e]   

6/1

[HQ5c]
[HQ5d]

6/29

2/13
DP#1

DP#2, 6/16

5/28
Front End                             

Parameter Adjustment                             

9/29
Parameter                        

Adjustments                        

10/29

[HQ3]
Long Cadence

11/30
TPS/DV

V2

2/5

2/9
TPS/DV

V4

7/12

[HQ4]
Short Cadence

2/9
TPS/DV

V4

3/4
TCEs Delivered

5/18
Stabilize KOIs                  

8/17
Freeze KOIs

11/30
Dispositions

1/23 3/23

                 [HQ11]
                 Deliver KOI Catalog

8/1
Run
sDV

12/6
Run
RV

2/28
Deliver Catalog

Final ORP Available

10/3

First ORP
Delivered

2/24

[HQ9]
                         Deliver C&R Products

3/20
C&R Debrief

4/7

10/27

[HQ7]
FOP Data Star Properties Catalog

4/25
KIH

5/10
 KAM

6/20
DCH

9/26

                                    [HQ12]
                                    Doc. Completeness Review

10/24 11/18
KDPH

4/21

                                 [HQ13]
                                 Closeout Final Report to HQ

5/19

GLOSSARY
C&R - Completeness and Reliability
DCH - Data Characterization Handbook
DP - Decision Point
FOP -  Follow-Up Observing Program
KAM - Kepler Archive Manual
KIH - Kepler Instrument Handbook
KDPH - Kepler Data Processing Handbook
KOI - Kepler Object of Interest
ORP - Occurence Rate Products
TCE - Threshold Crossing Event
TPS/DV -  Transiting Planet Search & Data Validation

Level 1 Schedule 
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Schedule Assessment 
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Kepler data gathering ended three years ago. 

We have had 7 years of experience hosting the pixel/target data, with 
documentation at MAST.  The final Long Cadence data (with documentation) 
was delivered last Fall.   

Final Short Cadence processing is in progress with delivery scheduled for July, 2016. 

We have delivered 5 previous Object Catalogs for hosting at the Exoplanet 
Archive, and have incrementally improved the products and documentation.  
The final catalog generation is in progress with final delivery scheduled for next 
March.  Initial products have already been delivered. 

Planet occurrence rate estimates have only been executed once, with the 9.2 
pipeline software.  Characterization of the 9.3 pipeline completeness and 
reliability has begun, and the final products/documentation are schedule for 
April next year. 
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2016/104 - 13 

Kepler data gathering ended three years ago. 

We have had 7 years of experience hosting the pixel/target data, with 
documentation at MAST.  The final Long Cadence data (with documentation) was 
delivered last Fall.   

Final Short Cadence processing is in progress with delivery scheduled for July. 

We have delivered 5 previous Object Catalogs for hosting at the Exoplanet Archive, 
and have incrementally improved the products and documentation.  The final 
catalog generation is in progress with final delivery scheduled for next March.  Initial 
products have already been delivered. 

Planet occurrence rate estimates have only been executed once, with the 9.2 
pipeline software.  Characterization of the 9.3 pipeline completeness and reliability 
has begun, and the final products/documentation are schedule for April next year. 



Documentation Closeout Review 

DCR Documentation Summaries 
- Stephen Walker 
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                - Documentation Scope 
                - Documentation List 
                - Product/Documentation Repositories 
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DCR Documentation Scope 

•  The Kepler closeout documentation that is required for the DCR 
represents the documentation that the community needs to 
effectively use the Kepler legacy data 
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Mission Papers 
Occurrence Rate Papers 

Occurrence Rate Product Documentation 

Kepler Handbooks/Manual/DRN 

Pipeline Source Code Release 

Included in DCR 

Kepler Closeout Report Included in 
Closeout 
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Responsible Mission Elements-  
Data Processing Flow 
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MOC 

DMC 

SOC/SO SO 

Dynablack CAL- Pixel 
Calibration 

PA- 
Photometric 

Analysis 

PDC- Pre-
Search Data 
Conditioning 

TPS- 
Transiting 

Planet Search 
DV- Data 
Validation Robovetters 

Analysis 

Catalog 

ORPs 

•  Orientation to the data processing flow 
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Dynablack CAL- Pixel 
Calibration 

PA- 
Photometric 

Analysis 

PDC- Pre-
Search Data 
Conditioning 

TPS- 
Transiting 

Planet Search 
DV- Data 
Validation Robovetters 

Analysis 

Catalog 

ORPs 

Pipeline Defined 
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Pipeline (Source Code) 

•  Pipeline has been evolved over past 7 years 
•  Robovetters and analyses developed over the past 2 years 

Pipeline Front-end (Photometric) 

Pipeline Back-end (Transit Search) 
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Dynablack CAL- Pixel 
Calibration 

PA- 
Photometric 

Analysis 

PDC- Pre-
Search Data 
Conditioning 

TPS- 
Transiting 

Planet Search 
DV- Data 
Validation Robovetters 

Analysis 

Catalog 

ORPs 

DCR Required Documents 
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KDPH 

KIH 

KAM 

KDCH 
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Kepler Documentation List 

•  Products H 
–  H.0- Kepler Instrument Handbook (KIH) 
–  H.1- Kepler Data Characteristics Handbook (KDCH) 
–  H.2- Kepler Data Processing Handbook (KDPH) 
–  H.3- Kepler Archive Manual (KAM) 
–  Includes the Data Release Notes for the final processing 

•  H.4- Data Release Notes 25 (DRN) 

•  Products A, B, C, D, E, & F 
–  Documentation of the Occurrence Rate Products (ORPs) 
–  Each ORP has its own documentation 

•  Products P 
–  Software release of the Pipeline Source Code 
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Step 1 documents will have walkthrough 
or overview presented today 

ID Documentation/Product Name Walkthru 

H.0 Kepler Instrument Handbook (KIH) Step	1	
H.1 Kepler Data Characteristics Handbook (KDCH) Step	1	
H.2 Kepler Data Processing Handbook (KDPH) Step	1	
H.3 Kepler Archive Manual (KAM) Step	1	
H.4 Data Release Note (DRN) 		

      
A.0 Stellar Properties Catalog  		
A.1 RMS CDPP 		
A.2 Data Quality Metrics 		
A.3 Multiple-Event Statistic Effective Threshold Table 		
B.0 Threshold-Crossing Event (TCE) Table 		
B.1 TCE Stellar and Planetary Parameters 		
B.2 Data Validation Report 		
B.3 Data Validation One-Page Summary  		
B.4 Supplemental Data Validation Report 		
B.5 Supplemental Data Validation 1-Page Summary 		
B.6 TCERT Vetting Products 		
B.7 DV Time Series 		
B.8 Centroid-Robovetter Score 		
B.9 Flux-Robovetter Score 		

B.12 Bootstrap Metric Step	1	
C.0 KOI Table 		
C.1 KOI Dispositions 		
C.2 Model Fit Parameters & Associated Error Bars Step	1	
C.3 FP "Reasons"  		
C.4 Astrophysical False Positive Probability 		
C.5 Astrophysical Positional Probability 		
C.6 MCMC Posterior Chains Step	1	
D.0 Average Detection Efficiency 		
D.1 Single-Target Detection Efficiency 		
D.2 TCERT Detection Efficiency 		
D.3 TPS Sensitivity Products 		
D.4 Sensitivity Contours 		
D.5 TCERT Reliability Metric 		
E.0 FPWG Certification Results Step	1	
F.0 "Gold" Standard Star Spectroscopic Catalog 		
F.1 "Platinum" Standard Star Spectroscopic Catalog 		
F.2 KOI Spectroscopic Stellar Catalog 		
F.3 KOI Imaging Detection Catalog 		
F.4 KOI Imaging Detection Sensitivity Curves 		
      

P.0 Pipeline Source Code Release 		
P.1 Pipeline Processing Parameters 		
P.2 Source Code Release Notes (SCRN) 		
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Dynablack CAL- Pixel 
Calibration 

PA- 
Photometric 

Analysis 

PDC- Pre-
Search Data 
Conditioning 

TPS- 
Transiting 

Planet Search 
DV- Data 
Validation Robovetters 

Analysis 

Catalog 

ORPs 

Data Products to Archive Repositories 
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•  MAST receives front-end documentation 
–  KIH, KAM, KDCH, KDPH, and KDRN 

Front-end data to MAST (DMC) 

Back-end data to NExScI 
•  NExScI receives back-end ORP documentation 

–  Individual documentation for each ORP 
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Product/Document Repositories 

•  Mikulski Archive for Space Telescopes (MAST) 
–  Provides an interface to the Kepler archival data 

from the S/C raw data and the processed data from 
the Kepler pipeline 

•  NASA Exoplanet Science Institute (NExScI) 
–  Online astronomical exoplanet and stellar data 
–  Provides an interface to Kepler Occurrence Rate 

Products (ORPs) 
•  GitHub 

–  Software release location 

•  MAST, NExScI, and GitHub are not managed by 
the Kepler project 
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ID Documentation/Product Name Repository 

H.0 Kepler Instrument Handbook (KIH) MAST	
H.1 Kepler Data Characteristics Handbook (KDCH) MAST	
H.2 Kepler Data Processing Handbook (KDPH) MAST	
H.3 Kepler Archive Manual (KAM) MAST	
H.4 Data Release Note (DRN) MAST	

      
A.0 Stellar Properties Catalog  NExScI	
A.1 RMS CDPP NExScI	
A.2 Data Quality Metrics NExScI	
A.3 Multiple-Event Statistic Effective Threshold Table NExScI	
B.0 Threshold-Crossing Event (TCE) Table NExScI	
B.1 TCE Stellar and Planetary Parameters NExScI	
B.2 Data Validation Report NExScI	
B.3 Data Validation One-Page Summary  NExScI	
B.4 Supplemental Data Validation Report NExScI	
B.5 Supplemental Data Validation 1-Page Summary NExScI	
B.6 TCERT Vetting Products NExScI	
B.7 DV Time Series NExScI	
B.8 Centroid-Robovetter Score NExScI	
B.9 Flux-Robovetter Score NExScI	

B.12 Bootstrap Metric NExScI	
C.0 KOI Table NExScI	
C.1 KOI Dispositions NExScI	
C.2 Model Fit Parameters & Associated Error Bars NExScI	
C.3 FP "Reasons"  NExScI	
C.4 Astrophysical False Positive Probability NExScI	
C.5 Astrophysical Positional Probability NExScI	
C.6 MCMC Posterior Chains NExScI	
D.0 Average Detection Efficiency NExScI	
D.1 Single-Target Detection Efficiency NExScI	
D.2 TCERT Detection Efficiency NExScI	
D.3 TPS Sensitivity Products NExScI	
D.4 Sensitivity Contours NExScI	
D.5 TCERT Reliability Metric NExScI	
E.0 FPWG Certification Results NExScI	
F.0 "Gold" Standard Star Spectroscopic Catalog NExScI	
F.1 "Platinum" Standard Star Spectroscopic Catalog NExScI	
F.2 KOI Spectroscopic Stellar Catalog NExScI	
F.3 KOI Imaging Detection Catalog NExScI	
F.4 KOI Imaging Detection Sensitivity Curves NExScI	
      

P.0 Pipeline Source Code Release GitHub	
P.1 Pipeline Processing Parameters GitHub	
P.2 Source Code Release Notes (SCRN) GitHub	
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Introduction Handbooks/Manual/DRN 
-Stephen Walker 
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Handbooks/Manuals/DRN 

•  All handbooks/manuals/DRNs have released versions 
–  Reviewers were provided versions of the required handbooks/manuals 

on March 23, 2016 to allow review and identification of current gaps in 
the handbooks/manuals 

–  Data Release Notes were released with each processing activity cycle 

•  Walkthrough will include: 
–  Purpose of each document 
–  The contents of each document 
–  Current document status 
–  Details of the planned updates 
–  Overview of document and walkthrough of key sections of each 

handbook/manual 
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Overview provides entire review board with same familiarity to the 
handbooks/manuals and details on the planned document’s scope 
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Kepler Instrument Handbook (KIH) 
- Mike Haas 
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KIH Purpose & Content 

•  Purpose 
–  Document design, performance, and operational constraints of the Kepler 

hardware to support legacy science by the community 

•  Content 
–  Introduction to mission, including flight segment design, focal plane format, 

and data collection modes 
–  Design details for optics, detectors, and read-out electronics 
–  Properties and performance of as-built focal plane based on ground tests 
–  Data handling procedures, including observing modes, timing information, 

data compression, etc. 
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KIH Status 

•  Originally released in July, 2009 
–  4 months after launch of spacecraft 
–  2 months after science observations began 

•  Revised during February – April, 2016 
–  Instrument design is unchanged, so only minor updates were required 
–  Completed all necessary revisions; currently under internal review 

•  Revisions include: 
–  Replaced pre-launch predictions with in-flight performance 
–  Updated references   

•  Replaced internal Ball documents with publications or documents available at MAST 
•  Collected internal Ames documents for hosting at MAST 
•  Retained some “grey-literature” references to aid project readers 

–  Removed references to supplemental materials now available in FITS headers 
or as focal-plane characterization models 
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KIH Status (2) 

•  What was not done: 
–  Original document had section entitled “Known Revisions for Next Version” 

•  These items were all overcome by events or solved in other ways, so this page      
was simply deleted 

–  Anticipated some updates associated with delivery of focal-plane 
characterization models to MAST, however: 

•  Found existing model descriptions adequate from a hardware perspective 
•  File names, formats, and content fit better in Kepler Archive Manual (in § 2.3.5) 
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KIH Table of Contents 

2016/104 - 28 

1.  Introduction to Instrument Handbook 
2.  Introduction to Kepler 
3.  Optics and Images 
4.  Detector Properties 
5.  Local Detector Electronics 
6.  Electronic Image Artifacts & Mitigation 
7.  Observing with Kepler 
8.  Acronyms and Abbreviations 
9.  References 
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KIH Table of Contents 
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1.  Introduction to Instrument Handbook 
2.  Introduction to Kepler 
3.  Optics and Images 
4.  Detector Properties 
5.  Local Detector Electronics 
6.  Electronic Image Artifacts & Mitigation 
7.  Observing with Kepler 
8.  Acronyms and Abbreviations 
9.  References 

2.  Introduction to Kepler 
2.1  Mission Overview 
2.2  Commissioning 
2.3  Celestial Field of View 
2.4  Categories of Observing Programs 
2.5  Flight System Elements 
2.6  Pixels of Interest 
2.7  Full Field Images 
2.8  Examples of Full Field Images 
2.9  Ground Test Data Relevant to Flight Calibration 

Sections broken down into  
subsections when warranted 
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KIH Table of Contents 
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1.  Introduction to Instrument Handbook 
2.  Introduction to Kepler 
3.  Optics and Images 
4.  Detector Properties 
5.  Local Detector Electronics 
6.  Electronic Image Artifacts & Mitigation 
7.  Observing with Kepler 
8.  Acronyms and Abbreviations 
9.  References 

2.  Introduction to Kepler 
2.1  Mission Overview 
2.2  Commissioning 
2.3  Celestial Field of View 
2.4  Categories of Observing Programs 
2.5  Flight System Elements 
2.6  Pixels of Interest 
2.7  Full Field Images 
2.8  Examples of Full Field Images 
2.9  Ground Test Data Relevant to Flight Calibration 

Flight segment components 
defined and described 
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KIH Table of Contents 
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1.  Introduction to Instrument Handbook 
2.  Introduction to Kepler 
3.  Optics and Images 
4.  Detector Properties 
5.  Local Detector Electronics 
6.  Electronic Image Artifacts & Mitigation 
7.  Observing with Kepler 
8.  Acronyms and Abbreviations 
9.  References 

2.  Introduction to Kepler 
2.1  Mission Overview 
2.2  Commissioning 
2.3  Celestial Field of View 
2.4  Categories of Observing Programs 
2.5  Flight System Elements 
2.6  Pixels of Interest 
2.7  Full Field Images 
2.8  Examples of Full Field Images 
2.9  Ground Test Data Relevant to Flight Calibration 

2.6  Pixels of Interest 
2.6.1 Targets and Apertures 
2.6.2 Kinds of Targets 

2.6.2.1 Long Cadence 
2.6.2.2 Short Cadence 
2.6.2.3 Reference 
2.6.2.4 Background 

2.6.3 Collateral Data 
2.6.3.1 Long Cadence 
2.6.3.2 Short Cadence 
2.6.3.3 Reference 

 

Subsections broken down into 
subsubsections when warranted 



Documentation Closeout Review 

KIH Table of Contents 
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cadence collateral is illustrated 



Documentation Closeout Review 

KIH Table of Contents 

2016/104 - 33 

1.  Introduction to Instrument Handbook 
2.  Introduction to Kepler 
3.  Optics and Images 
4.  Detector Properties 
5.  Local Detector Electronics 
6.  Electronic Image Artifacts & Mitigation 
7.  Observing with Kepler 
8.  Acronyms and Abbreviations 
9.  References 

Code V ray trace of 
telescope is included 
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Electronic crosstalk 
illustrated & explained 
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Examples of optical & 
electronic artifacts given 
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Thermal dependence of  
Moiré Pattern Drift illustrated 
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defined and described 
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Tables of detector 
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•  Document has existed in near-final form (-001) for almost 7 years  
–  Feedback from community has been negligible, indicating that 

document adequately describes Kepler hardware for legacy science 
–  Update is complete and under internal review 

•  Required changes were minimal 
–  Signed revision (-002) will be available well before DCR 
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KAM Purpose & Content 

•  Purpose 
–  Document Kepler data products residing at MAST for legacy science by 

the community 
–  Document MAST tools for data search, retrieval, and analysis  

•  Content 
–  Description of Kepler data products 

•  Kepler Input Catalog (KIC) for target selection 
•  Science data in raw and various states of processing (i.e., TPFs, light 

curves, FFIs) 
•  Calibration data (i.e., collateral, background, etc.) 
•  Engineering data (i.e., ancillary engineering data) 
•  Focal-plane characterization models used in data processing and analysis 

–  Introduction to MAST search, retrieval, and analysis tools with worked 
examples 

2016/24 - 47 
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KAM Status 

•  Originally released before launch in August, 2009 

•  Updated regularly during the mission to: 
–  Reflect changes in data access, file format, and file content 
–  Describe new products as they were developed and released 

•  Revised five times, most recently in mid-2014 
 

•  Update required to capture results of final data processing cycle    
(i.e., Data Release 25), which is well defined because: 
–  Pipeline development frozen 
–  Final long-cadence data delivered 
–  Final short-cadence processing underway 
 

•  Completed all necessary revisions; currently under internal review 

2016/24 - 48 
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Recent KAM Updates 

•  Included new rolling band flags produced by dynamic black module 
–  Described quality flags in Target Pixel (§ 2.3.2) & Collateral Data Files (§ 2.3.7) 
–  Discussed meaning and use of rolling band flags (§ 2.3.1.1) 

•  Added major section describing focal-plane characterization models used 
for final processing and analysis (i.e., flats, gain, undershoot, etc.) (§ 2.3.5) 

•  Expanded description of Ancillary Engineering data and added table of 
mnemonics (Appendix B.5) 

•  Reported changes in World-Coordinate System for FFIs (§ 2.3.3) 
•  Added information about PDC’s handling of crowding and contamination    

(§ 2.3.1.2) 
•  Described latest data access methods available from MAST, including 

direct download and “The Portal” (§ 3) 
•  Reviewed entire document for compliance with final legacy data products              

(i.e., Data Release 25)  
•  Updated signature, author, and change log pages 

2016/24 - 49 



Documentation Closeout Review 

KAM Table of Contents 

1.  Introduction 
2.  Kepler Data Products 
3.  Searching Archive for Kepler Data 
4.  References 
5.  Appendices 

2016/104 - 50 



Documentation Closeout Review 

KAM Table of Contents 

1.  Introduction 
2.  Kepler Data Products 
3.  Searching Archive for Kepler Data 
4.  Appendices 

2016/104 - 51 

1.  Introduction 
1.1  Overview of Kepler 
1.2  Overview of Data Flow 
1.3  Related Documents 
1.4  Overview of MAST 
1.5  User Support Services 
1.6  Getting Your Data 
1.7  Publication Acknowledgement 

Sections broken down into  
subsections when warranted 
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Section 2 describes  
Kepler-generated products 
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Separate subsection for 
each data product 
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2.3.10 Ancillary Engineering Data 

Each file type is versioned 
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Keywords and columns 
are defined 
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Data flags are defined 
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Focal-plane characterization models 
documented in a major new section 
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Section 3 describes MAST 
site, products, and tools 
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Web interfaces are described 
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Functionality is explained 
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3.3  MAST Discovery Portal (aka Portal) 
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Worked examples are given 
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Appendices document file 
headers and define terms 
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A.1 Kepler Light Curve File Headers 
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B.5 Ancillary Data Description 
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D.1 Glossary of Terms 
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FITS file headers included 
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•  Document updated frequently throughout mission 
–  Feedback from community incorporated into subsequent revisions 
–  Changes to file formats, introduction of new data products, and 

documentation of new tools completed as mission evolved 

•  Final revision (-006) is complete and under internal review 
–  Required changes were significant in some areas: 

•  Added 16 (of 17) focal-plane characterization models 
•  Added new MAST tools for data retrieval and visualization 

–  Signed revision will be available well before DCR 
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KDRN Purpose & Content 

•  Purpose 
–  Identify and document each unique release of data to public 

•  Content 
–  List of released data sets (i.e., data types & observation intervals) 
–  Changes to pipeline and their impact on data 
–  Evaluation of photometric performance 
–  Summary of features and anomalies present in data 

2016/104 - 66 
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KDRN Status 

Rel Qtrs SOC Date 
2 Q0, Q1 5.0 10/21/09 

3 Q2 6.0 1/20/10 

4 Q3 6.1 4/15/10 

5 Q0, Q1 6.1 6/4/10 

6 Q4 6.1 7/22/10 

7 Q2 6.1 9/16/10 

8 Q5 6.2 10/25/10 

9 Q6 6.2 1/20/11 

10 Q7 6.2 4/13/11 

11 Q8 7.0 7/22/11 

12 Q9 8.0 11/30/11 

13 Q10 8.0 2/15/12 
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Rel Qtrs SOC Date 
14 Q0-Q4 8.0 3/15/12 

15 Q11 8.0 5/3/12 

16 Q5-Q8 8.1 5/22/12 

17 Q12 8.1 8/23/12 

18 Q13 8.2 10/23/12 

19 Q14 8.3 2/4/13 

20 Q15 9.0 4/27/13 

21 Q0-Q14 8.3 5/7/13 

22 Q16 9.0 8/2/13 

23 Q17 9.1 12/13/13 

24 Q0-Q17 9.2 4/2/15 

25* Q0-Q17 9.3 12/9/15 

* Minor revision required once short-
cadence data is processed & delivered 

There have been 25 data releases 
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KDRN Evolution 

•  Over time, data release notes (KDRN) became repetitive because 
each quarter of data shares characteristics with previous quarters 
–  Notes became difficult to maintain and monotonous for users to read 

•  Extracted common data characteristics to create Kepler Data 
Characteristics Handbook (KDCH) 
–  Older KDRN resemble KDCH  
–  Newer KDRN only provide release information  

•  State what is being released and why  
•  Reference KDCH, KDPH, and KAM for details 

•  All KDRN are publically available at MAST 

•  Starting with DR 24, extended data release concept to include 
occurrence rate products (ORP) delivered to NExScI 
–  Clarifies fact that final light curves (DR 25) were used to generate    

final ORP (DR 25) 
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- Mike Haas 
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KDCH Purpose 

•  Purpose 
–  Collect and document phenomena identified in Kepler data 

•  Astrophysical (e.g., coronal mass ejections, smear corruption by bright star) 
•  Spacecraft (e.g., safemodes, reaction wheel zero crossings) 
•  Photometer (e.g., sudden pixel sensitivity dropouts, thermally induced image 

motion) 
–  Describe how these “features” are treated/corrected by pipeline 
–  Simplify Kepler Data Release Notes (KDRN) 

•  KDRNs document individual processing releases of specified data sets 
•  KDCH addresses underlying features of data itself 

–  Help users understand data collection and pipeline processing so that 
they can distinguish artifacts from astrophysical phenomena 

2016/24 - 70 
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KDCH Content 

•  Content 
–  Summarize data collection dates, cadence ranges, and units 
–  Define data terminology: set, processing, product, release 
–  Evaluate performance, particularly changes in sensitivity due to 

improvements in processing algorithms 
–  Report unique historical events affecting data 
–  Report ongoing phenomena present in data 
–  Provide information on time and time stamps 
–  Describe ensemble cotrending basis vectors 

–  Provide explanatory text, figures, and tables throughout to best reveal 
and explain characteristics of the data 
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KDCH Status 

•  Released regularly during mission (2010, 2011 x 2, and 2013) 
–  Reported data characteristics as data were collected, processed, and 

analyzed (a companion to Data Release Notes) 
–  Updated most recently after SOC 9.0 was released and Q15 was 

processed 

•  Requires updates to capture characteristics of Q16 & Q17 data and 
any changes associated with SOC 9.2 / 9.3 reprocessing 
–  Final pipeline processing nearly complete, so all planned updates known 

•  Revision in progress; complete draft for internal review due mid-April 
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KDCH Updates Planned 

•  Expand cadence range to include Q16 and Q17 
–  Update historical/on-going information (e.g., second reaction wheel 

failure) 
•  Summarize results of final full-mission reprocessing 

–  Update sensitivity information 
–  Document algorithmic improvements/enhancements  

•  Update short-cadence spurious frequency table (§5.11) based on 
recent spectral analysis 

•  Include new section for scrambled short-cadence collateral data 
(KAR-1193) 
–  Problem fixed for DR 25, but impacts all previous data releases 
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9.  References 
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11.  Appendix A – Improvements in SOC Pipelines 8.3 and 9.0 
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4.  Historical Events 
4.1  Kepler Mission Timeline 
4.2  Safe Mode 
4.3  Loss of Fine Point 
4.4  Attitude Tweaks 
4.5  Variable FGS Guide Stars 
4.6  Module 3 Failure 
4.7  Reaction Wheel Failure 
4.8  CH Cyg Corrupts Smear Correction 

Historical events happen 
once or infrequently 
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Mission timeline shows unique 
spacecraft-related events –  
this is an example of something 
that needs to be updated 
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5.1  Image Motion 
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5.6  Manually Excluded Cadences 
5.7  Incomplete Apertures Give Flux and Feature Discontinuities 
5.8  Argabrightening 
5.9  Pixel Sensitivity Dropouts 

Ongoing phenomena occur 
frequently; some continuously 
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5.10 Short Cadence Requantization Gaps 
5.11 Spurious Frequencies in SC Data 
5.12 Propagation of Uncertainties 
5.13 Onboard Spacecraft Errors 
5.14 Coronal Mass Ejections 
5.15 Attenuation of Long Period Signals 
5.16 Anomaly Summary Table and Figure 

Mixture of spacecraft, photometer 
and astrophysical events 
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Choosing unknown eclipsing 
binary stars for guiding shakes 
whole spacecraft and introduces 
periodic signals into all stars 
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KDCH Conclusions 

•  The updates to the KDCH are clearly defined because 
–  Data collection is complete 
–  Data processing is sufficiently far along 

•  Final revision (-005) is in progress 
–  Required changes are minor 
–  Signed revision will be available well before DCR 
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Kepler Data Processing Handbook (KDPH) 
- Jon Jenkins 
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KDPH Purpose & Content 

•  Purpose 
–  Document algorithms used to produce the Kepler legacy archival data 

products, including the light curves and associated products, and the 
threshold crossing events and associated Data Validation reports and 
products 

•  Content 
–  Introduction and overview of science data processing 
–  Photometric Pipeline 

•  Image artifact handling and flagging (Dynablack) 
•  Pixel level calibrations (CAL) 
•  Photometric analysis (PA) 
•  Instrumental signature and systematic error identification and removal (PDC) 

–  Transit Search Pipeline 
•  Transiting planet search (TPS) 
•  Bootstrap statistic 
•  Data Validation (DV) 
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KDPH Status 

•  Originally released in April 2011 
–  Documented first complete science pipeline 
–  Corresponded to SOC 6.2(!) 
–  Original SPIE chapter inputs were limited to only 12 pages 

•  Updated input material describing the pipeline algorithms is to be compiled 
within the final KDPH 
–  Significant progress made on input documentation for the KDPH since 

software development was completed 
–  Most of input material is drawn from publications between 2010 and 2016 
–  Updated chapters are more comprehensive and detailed  
–  Content ~75% complete 
–  Most of remaining content to be developed is in the “back end” (TPS & DV) 
–  The input material needs to be compiled into a book (which is underway) 
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Flagging and Correction of Pattern Noise in the  

Kepler Focal Plane Array 
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ABSTRACT   

In order for Kepler to achieve its required <20 PPM photometric precision for magnitude 12 and brighter stars, 

instrument-induced variations in the CCD readout bias pattern (our "2D black image"), which are either fixed or slowly 

varying in time, must be identified and the corresponding pixels either corrected or removed from further data 

processing. The two principle sources of these readout bias variations are crosstalk between the 84 science CCDs and the 

4 fine guidance sensor (FGS) CCDs and a high frequency amplifier oscillation on <40% of the CCD readout channels. 

The crosstalk produces a synchronous pattern in the 2D black image with time-variation observed in <10% of individual 

pixel bias histories. We will describe a method of removing the crosstalk signal using continuously-collected data from 

masked and over-clocked image regions (our "collateral data"), and occasionally-collected full-frame images and 

reverse-clocked readout signals. We use this same set to detect regions affected by the oscillating amplifiers. The 

oscillations manifest as time-varying moiré pattern and rolling bands in the affected channels. Because this effect 

reduces the performance in only a small fraction of the array at any given time, we have developed an approach for 

flagging suspect data. The flags will provide the necessary means to resolve any potential ambiguity between 

instrument-induced variations and real photometric variations in a target time series. We will also evaluate the 

effectiveness of these techniques using flight data from background and selected target pixels.  

Keywords: Kepler, photometer, CCD, noise, pattern noise, CCD readout, crosstalk, image analysis, photometry 

1. INTRODUCTION  

Launched on March 6, 2009, the 3 1/2 year Kepler Mission1  is to detect transiting exoplanets and determine the 

frequency of Earth-size planets in the habitable zones of sun-like stars. Previously, authors have described mission 

design and overall performance2 , photometer design3,4 , in-flight instrument performance5,8 , and the overall data 

processing scheme6 . Caldwell et al.5  describes several nonstationary image artifacts that are present in Kepler data and 

discusses their impact on photometric precision. This paper describes a method for recognizing and removing or flagging 

some of these artifacts. Specifically, the content includes a derivation of the need to develop this capability, a description 

of the methods employed and a summary of the results from applying it to a short period of flight data. Prior to this we 

provide a brief introduction to the instrument and data modes. 

The Kepler focal plane consists of 84 separate science readout channels (identified as module#.output#) and four fine 

guidance sensor (FGS) channels, as shown in Figure 1a, all of which are read out synchronously. Each channel has 

several regions available to collect calibration, or “collateral” data (Figure 1b). There are two sets of columns of virtual 

pixels: (1) 12 columns of bias-only pixels resulting from 12 leading pixels in the serial register (“leading black”), and (2) 

a 20 column serial over-scan region (“trailing black”). There are also two sets of rows of collateral pixels: (1) the first 20 

rows, which are covered by an aluminum mask (“masked smear”), and (2) a 26 row parallel over-scan region (“virtual 

smear”). During science data collection, a coadded sum of specified columns of the trailing black and rows of both the 

masked and virtual smear are stored at each cadence for each channel. To enable correction for some of the artifacts a 

specific set of artifact removal pixels (ARPs), as illustrated in Figure 1c, are collected along with the science data. 

*kolodz@nasa.gov; phone 1 256 961-7775; fax 1 256 961-7522; nasa.gov  
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Figure 2. Illustrative description of pattern noise sources (left) and effects on Kepler images (right).  a) The FGS 
pixels are read out synchronously with the science pixels but the difference in size of the two sensors combined 
with the changes in characteristics of the clocking signals during the parallel and frame transfer intervals produces 
b) a complex pattern of thermally varying pixels at specific locations across the image. c) An aliased high 
frequency signal is highly sensitive to LDE component temperature changes due to normal operational warm-up. 
These produce a smoothly varying frequency change with row. Note that a 0.1% change in the source frequency 
can produce an aliased frequency change from DC to Nyquist (1.5 MHz) in the readout.  One result is d) a moiré 
pattern with row-dependent frequency (left). The trace of a single row with time shows drift in the frequency 
(right).  The other result is e) bands which occur when the aliased frequency crosses 0 Hz, extend over all columns 
(left). The time-evolution of a single column shows rolling band in response to temperature changes (right). Plots 
are meant to show typical qualitative behavior for affected channels, so scales and data sources are suppressed. 
For reference b) shows flight data from output 20.2, c) shows ground test data from output 14.4, d) shows ground 
test data from output 9.3 and e) shows ground test data from 13.4. 

High-frequency Oscillations.  A temperature-sensitive amplifier oscillation at >1 GHz was detected in some CCD video 
channels during the artifact investigation. Investigation suggests that this signal may originate is from the AD8021 
operational amplifiers used extensively in the video signal chain, which may show subtle layout-dependent instability 
when used at low gains. The oscillation’s frequency range, rate of change, and pattern among the channels matched 
closely those characteristics in the dark images, strongly suggesting that the artifact is a moiré pattern (MPD) generated 
by sampling the high-frequency oscillation at the 3MHz serial pixel clocking rate. Since the characteristic source 
frequency drifts with time and temperature of the electronic components by as much as 500 kHz/°C, the signal from a 
given pixel in a series of dark images has a time varying signature. This signature may be highly correlated with 
neighboring pixels and yet poorly correlated with slightly more distant pixels. When the oscillation frequency is a 

Electronic Image Artifacts 
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6 Pixel Level Calibrations 
 6.1 Kepler Data Formats and CAL Unit of Work 

 6.1.1 CAL Data Types: Long and Short Cadence and Full 
Frame Images 

  6.1.2 Focal Plane Array  
  6.1.3 Pixel Collection  
  6.1.4 Photometric and Collateral Data  
  6.1.5 Processing Order  
  6.1.6 Data Gap 
  6.1.7 What CAL is Not Designed To Do 
 6.2 Calibration  
  6.2.1 Compute Raw Black Uncertainties  
  6.2.2 Models  

 6.2.3 Fixed Offset, Mean Black, and Spatial Co-Adds 
 6.2.4 Black Correction  
 6.2.5 Nonlinearity and Gain Correction  
 6.2.6 LDE Overshoot/Undershoot Correction  
 6.2.7 Smear and Dark Correction  
 6.2.8 Flat Field Correction  
 6.2.9 Additional Functionality in CAL  

 6.3 Summary  
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CALIBRATION 57

target aperture to provide data for the undershoot/overshoot correction algo-
rithm. Though it is designed to mitigate both undershoot and overshoot, we
will refer to this filter below as simply the undershoot filter and the effect
as simply undershoot. Including this extra column, while certainly more
helpful than not including it, is not enough to sufficiently mitigate under-
shoot effects in cases where there is a bright star which is not downlinked
for LC or SC processing is within 20 columns upstream (to the readout reg-
ister side) of a LC or SC target. The simple linear interpolation between
target pixels along rows prior to applying the undershoot filter will mask
undershoot due to these bright stars resulting in up to a 3% error in the cal-
ibrated pixel flux for dim targets. Added functionality in SOC 9.2 allows
estimation of these unseen bright stars in LC and SC processing using and
average of the FFI data over the unit of work. This technique has been
shown to reduce the error associated with applying the undershoot filter to
below 0.1% for all targets. The use of FFIs to inform the undershoot fil-
ter applies to target and background pixels in both LC and SC processing.
Also beginning with SOC 9.2, an additional assist is provided to SC smear
pixel processing by providing the partially calibrated LC smear pixels per
cadence to CAL SC processing in order to estimate and fill missing smear
pixel values prior to applying the undershoot filter to the smear. Both the
FFI inform and LC smear inform options have been enabled in the nominal
pipeline configuration.

Figure 6.10 A close-up stretched image of two saturated target stars that show pixel undershoot
signatures resulting from bright-to-dark pixel transitions in the direction of the serial readout (left
panel), and the calibrated image (middle). The mean of 3 pixel rows is shown for one target (right)
with the undershoot response (the negative spike) along with the corrected pixel values.

Both collateral and photometric data are corrected for undershoot, and the
median value of the correction across the focal plane array is ⇠0.34%[8].
In the collateral data invocation, the LC and SC masked and virtual smear
pixels are next corrected for cosmic rays and saved for output. They are
used to estimate the smear and dark current levels which are used to correct

LDE Undershoot Correction 
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Kepler Presearch Data Conditioning I—Architecture and Algorithms
for Error Correction in Kepler Light Curves
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ABSTRACT. Kepler provides light curves of 156,000 stars with unprecedented precision. However, the raw data
as they come from the spacecraft contain significant systematic and stochastic errors. These errors, which include
discontinuities, systematic trends, and outliers, obscure the astrophysical signals in the light curves. To correct these
errors is the task of the Presearch Data Conditioning (PDC) module of the Kepler data analysis pipeline. The original
version of PDC in Kepler did not meet the extremely high performance requirements for the detection of miniscule
planet transits or highly accurate analysis of stellar activity and rotation. One particular deficiency was that
astrophysical features were often removed as a side effect of the removal of errors. In this article we introduce
the completely new and significantly improved version of PDC which was implemented in Kepler SOC version
8.0. This new PDC version, which utilizes a Bayesian approach for removal of systematics, reliably corrects errors in
the light curves while at the same time preserving planet transits and other astrophysically interesting signals. We
describe the architecture and the algorithms of this new PDC module, show typical errors encountered in Kepler
data, and illustrate the corrections using real light curve examples.

1. INTRODUCTION

1.1. The Kepler Mission

The Kepler Mission is the tenth mission in NASA’s Discov-
ery Program. Its main objective is to detect Earth-size planets in
the habitable zone6 (Kasting et al. 1993; Koch et al. 2010) of
Sun-like stars and to determine what fraction η⊕ of all stars
in the milky way host such planets. Planet detection in Kepler
is performed using transit photometry (Deeg et al. 1998;
Charbonneau et al. 2000): A planet transiting between its star
and the Kepler photometer blocks a fraction of the star’s light
proportional to the planet’s projected area relative to that of its
star, and thus decreases the apparent brightness of the star. For
that purpose, the Kepler spacecraft is in an Earth-trailing orbit
and is continuously observing the incoming light of about
156,000 stars in a field of view of 115 deg2. The light flux from
the stars is recorded using an array of 42 CCDs arranged as 84
module output channels, each of which has 1100 × 1024 pixels.
Each CCD is read out in a 6.54 s interval and the flux for each

target is integrated for 29.4 minutes, a so-called long-cadence
(LC) interval.7 The large number of targets is required because
the probability for correct geometric alignment of a planet’s
orbit with the star-to-photometer axis is the ratio of the star’s
radius to the planet orbit radius. This translates to a transit
probability of only about 0.5% of all Earth-like planets in a
1 AU orbit around Sun-like stars. Therefore, a sufficiently large
number of stars has to be observed to obtain a reliable estimate
of the frequency of Earth-like planets in our galaxy (η⊕). In
addition to these LC targets, a subselection of 512 targets is
sampled at 58.35 s short-cadence (SC) intervals, which allows
not only for more precise transit timing measurement but also
for detailed asteroseismological investigations of these stars and
for measurements of binary star eclipse timing variations.

With the area ratio of the Earth relative to the Sun being
≈1 × 10!4, detection of transits of Earth-like planets requires
an unprecedented photometric precision of 20 ppm (Koch et al.
2010; Jenkins et al. 2010a). The search for the transits is further
complicated by the presence of systematic errors in the pho-
tometric data, which occlude the transit signatures as well as
other astrophysical signals in the light flux series. The main
causes for the systematic errors are changes in the focus of
the photometer (caused by instrinsic and extrinsic thermal

1NASA Ames Research Center, Moffett Field, CA 94035 ; martin.stumpe@
nasa.gov.

2 SETI Institute.
3 Bay Area Environmental Research Institute.
4 Orbital Sciences Corporation.
5 Marshall Space Flight Center, Huntsville, 35812, AL.
6 The habitable zone is the range of orbit radii where temperatures allow for

liquid water on the planet’s surface (Kaltenegger & Sass 2011).

7 Note that the targets do not have to be stars. Some of Kepler’s targets are
in fact galaxies. However, this distinction is not relevant to the context of this
article.
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Kepler Presearch Data Conditioning II - A Bayesian Approach to Systematic Error
Correction
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ABSTRACT. With the unprecedented photometric precision of the Kepler spacecraft, significant systematic and
stochastic errors on transit signal levels are observable in the Kepler photometric data. These errors, which include
discontinuities, outliers, systematic trends, and other instrumental signatures, obscure astrophysical signals. The
presearch data conditioning (PDC) module of the Kepler data analysis pipeline tries to remove these errors while
preserving planet transits and other astrophysically interesting signals. The completely new noise and stellar vari-
ability regime observed inKepler data poses a significant problem to standard cotrending methods. Variable stars are
often of particular astrophysical interest, so the preservation of their signals is of significant importance to the
astrophysical community. We present a Bayesian maximum a posteriori (MAP) approach, where a subset of highly
correlated and quiet stars is used to generate a cotrending basis vector set, which is in turn used to establish a range
of “reasonable” robust fit parameters. These robust fit parameters are then used to generate a Bayesian prior and a
Bayesian posterior probability distribution function (PDF) which, when maximized, finds the best fit that simulta-
neously removes systematic effects while reducing the signal distortion and noise injection that commonly afflicts
simple least-squares (LS) fitting. A numerical and empirical approach is taken where the Bayesian prior PDFs are
generated from fits to the light-curve distributions themselves.

Online material: color figures

1. AN OVERVIEW OF THE KEPLER DATA PIPELINE

Kepler’s primary science objective is to determine the fre-
quency of Earth-size planets transiting their Sun-like host stars
in the habitable zone.6 This daunting task demands an instru-
ment capable of measuring the light output from each of over
100,000 stars simultaneously with an unprecedented photomet-
ric precision of 20 parts per million (ppm) at 6.5-hr intervals.
The large number of stars is required because the probability
of the geometrical alignment of planetary orbits that permit ob-
servation of transits is the ratio of the size of the star to the size
of the planetary orbit. For Earth-like planets in 1 AU orbits
about Sun-like stars, only ∼0:5% will exhibit transits. By ob-
serving such a large number of stars, Kepler is guaranteed to

produce a robust result in the happy event that many Earth-size
planets are detected in or near the habitable zone.

The Kepler data pipeline is divided into several components
in order to allow for efficient management and parallel proces-
sing of data (Jenkins 2010a). Raw pixel data downlinked from
the Kepler photometer are calibrated by the calibration module
(CAL) to produce calibrated target and background pixels
(Quintana 2010) and their associated uncertainties (Clarke
2010). The calibrated pixels are then processed by the photo-
metric analysis module (PA) to fit and remove sky background
and extract simple aperture photometry from the background-
corrected, calibrated target pixels7 (Twicken 2010a). PA also
measures the centroid locations of each star in each frame.
The final step to produce light curves is performed in the
pre-search data conditioning (PDC) module, where signatures
in the light curves correlated with systematic error sources from
the telescope and spacecraft, such as pointing drift, focus
changes, and thermal transients, are removed. Additionally,
PDC identifies and removes sudden pixel sensitivity dropouts
(SPSDs) which result in abrupt drops in pixel flux with short

1NASA Ames Research Center, Moffett Field, CA 94035; jeffrey.smith@nasa
.gov.

2SETI Institute, 189 Bernardo Avenue, Suite 100, Mountain View, CA 94043.
3Bay Area Environmental Research Institute, 560 third Street West, Sonoma,

CA 95476.
4Orbital Sciences Corporation, 21839 Atlantic Boulevard, Dulles, VA 20166.
5 Marshall Space Flight Center, Huntsville, AL 25812.
6 The habitable zone is defined as the range of orbital distances for which

liquid water would pool on the surface of a terrestrial planet such as Earth, Mars,
or Venus without greenhouse gas adjustments to the atmosphere.

7 In simple aperture photometry, the brightness of a star in a given frame is
measured by summing up the pixel values containing the image of the star.
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Multiscale Systematic Error Correction via Wavelet-Based Bandsplitting in
Kepler Data
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ABSTRACT. The previous presearch data conditioning algorithm, PDC-MAP, for the Kepler data processing
pipeline performs very well for the majority of targets in the Kepler field of view. However, for an appreciable
minority, PDC-MAP has its limitations. To further minimize the number of targets for which PDC-MAP fails
to perform admirably, we have developed a new method, called multiscale MAP, or msMAP. Utilizing an over-
complete discrete wavelet transform, the new method divides each light curve into multiple channels, or bands. The
light curves in each band are then corrected separately, thereby allowing for a better separation of characteristic
signals and improved removal of the systematics.

Online material: color figures.

1. INTRODUCTION TO KEPLER AND PDC

1.1. An Overview of the Kepler Data Pipeline

Kepler’s primary science objective is to determine the fre-
quency of Earth-size planets transiting their Sun-like host stars
in the habitable zone. This daunting task demands an instrument
capable of measuring the light output from each of over 150,000
stars simultaneously, with an unprecedented photometric preci-
sion of 30 parts per million (ppm) at 6.5 hr intervals for 12th
magnitude stars. The Kepler data pipeline is tasked with proc-
essing the Kepler data and detect the transiting planet signals.

The Kepler data pipeline is divided into several components
in order to allow for efficient management and parallel process-
ing of data (Jenkins et al. 2010a). Raw pixel data downlinked
from the Kepler photometer are calibrated by the calibration
module (CAL) to produce calibrated target and background pix-
els (Quintana et al. 2010) and their associated uncertainties
(Clarke 2010). The calibrated pixels are then processed by
the photometric analysis module (PA) to fit and remove cosmic
rays and sky background and then extract simple aperture pho-
tometry from the background-corrected, calibrated target pixels5

(Twicken et al. 2010b).

The final step to produce light curves is performed in the
presearch data conditioning module (PDC), where signatures
in the light curves correlated with systematic error sources from
the telescope and spacecraft, such as pointing drift, focus
changes, and thermal transients are removed. Additionally,
PDC identifies and removes sudden pixel sensitivity dropouts
(SPSDs), which result in abrupt drops in pixel flux with short
recovery periods up to a few hours, but usually not to the same
flux level as before. These step discontinuities are identified
separately from those due to operational activities, such as safe
modes and pointing tweaks, and are mended using a sophisti-
cated method (Kolodziejczak & Morris 2012). PDC also iden-
tifies residual isolated outliers and fills data gaps (such as during
intraquarter downlinks) so that the data for each quarterly seg-
ment is contiguous when presented to later pipeline modules. In
a final step, PDC adjusts the light curves to account for excess
flux in the optimal apertures due to starfield crowding and the
fraction of the target star flux in the aperture to make apparent
transit depths uniform from quarter to quarter as the stars move
from detector to detector with each roll maneuver. Output data
products include raw and calibrated pixels, raw and systematic
error-corrected flux time series, and centroids and associated
uncertainties for each target star, which are archived to the data
management center and made available to the public through the
Mikulski Archive at STScI6 (McCauliff et al. 2010).

Data is then passed to the transiting planet search module
(TPS) (Jenkins et al. 2010b) where a wavelet-based adaptive
matched filter is applied to identify transit-like features with du-
rations in the range of 1–16 hr. Light curves with transit-like

1NASA Ames Research Center, Moffett Field, CA 94035; jeffrey.smith@nasa
.gov.

2SETI Institute, 189 Bernardo Avenue, Suite 100, Mountain View, CA 94043.
3 Google, Inc., 1600 Amphitheatre Parkway, Mountain View, CA 94043.
4Orbital Sciences Corporation, 21839 Atlantic Boulevard, Dulles, VA 20166.
5 In simple aperture photometry, the brightness of a star in a given frame is

measured by summing up only the pixel values in the core image that increase
SNR. 6 See http://stdatu.stsci.edu/kepler/.
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THE EMPIRICAL BAYESIAN MAP APPROACH AND IMPLEMENTATION 179

Figure 9.33 Example of a highly variable short cadence target. quickMAP principally relies on
the LC MAP fit since W

pr

= ↵ = 0.96.

Figure 9.34 Example of a quiet short cadence target. quickMAP principally relies on the robust
least squares fit since W

pr

= ↵ = 0.013.

MAP vs. Robust Fit Correction 

MAP generally preserves stellar variability better than robust fitting 
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Transiting planet search in the Kepler pipeline
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bLawrence Livermore National Laboratory, P.O. Box 808, L-478, Livermore, CA USA 94551
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ABSTRACT
The Kepler Mission simultaneously measures the brightness of more than 160,000 stars every 29.4 minutes over a 3.5-year
mission to search for transiting planets. Detecting transits is a signal-detection problem where the signal of interest is a
periodic pulse train and the predominant noise source is non-white, non-stationary (1/f) type process of stellar variability.
Many stars also exhibit coherent or quasi-coherent oscillations. The detection algorithm first identifies and removes strong
oscillations followed by an adaptive, wavelet-based matched filter. We discuss how we obtain super-resolution detection
statistics and the effectiveness of the algorithm for Kepler flight data.

Keywords: Kepler Mission, exoplanet, transit, detection algorithm

1. INTRODUCTION
The Kepler Mission continuously observes ⇠160,000 target stars in Kepler’s 115-square-degree field of view, seeking to
discover Earth-like planets transiting Sun-like stars by detecting photometric signatures of transits.1, 2 The CCDs are read
out every 6.52 s and co-added for 29.4 minutes⇤, after which the pixels of interest for each target star are compressed
and stored on board the spacecraft’s Solid State Recorder. Approximately 1,500 samples are stored on board for each
pixel of interest per month for a total of ⇠ 6⇥ 106 pixels. These data are downlinked at monthly contacts with the Deep
Space Network and travel through the Ground System to the Kepler Science Operations Center located at NASA Ames
Research Center where they are processed to derive brightness measurements of each star for each time step and to search
for planetary transit signatures. Kepler’s mission will last at least 3.5 years† to permit detection of at least three transits of
Earth-size planets orbiting Sun-like stars in the habitable zone, that range of distances at which liquid water could pool on
the surface.

The Kepler Science Processing Pipeline (hereafter referred to as the Pipeline) is designed to process science data
collected from the Kepler Photometer to furnish calibrated pixels, raw and systematic error corrected flux time series, and
centroid time series.3–5 Figure 1 shows the processing sequence. Raw pixels are calibrated by the Calibration (CAL)
component to remove on-chip artifacts such as shutterless readout smear and perform standard astronomical corrections
such as bias and dark current removal.6 Photometry is extracted from optimal apertures placed about each target star
image by the Photometric Analysis (PA) component,7 which estimates and removes background flux and identifies and
removes cosmic ray hits. PA also centroids each target star image to provide measurements of the locations of each target
star on each frame, enabling reconstruction of the photometer pointing and elimination of false positives. The component
Pre-search Data Conditioning (PDC) removes signatures in the light curves correlated with instrumental variables such

�Further author information: Send correspondence to J.M.J.: E-mail: Jon.Jenkins@nasa.gov
c�2010 Society of Photo-Optical Instrumentation Engineers. One print or electronic copy may be made for personal use only. Systematic

reproduction and distribution, duplication of any material in this paper for a fee or for commercial purposes, or modification of the content
of the paper are prohibited.

⇤Each 29.4-min data integration interval is called a Long Cadence (LC); the data is called LC data to distinguish it from data collected
at ⇠one-minute intervals, called Short Cadence data.

†The principal limit to Kepler’s mission lifetime is the supply of hydrazine fuel used to de-spin the reaction wheels every three days,
of which there is sufficient supply to last for six or more years.

The Astrophysical Journal Supplement Series, 206:25 (12pp), 2013 June doi:10.1088/0067-0049/206/2/25
C⃝ 2013. The American Astronomical Society. All rights reserved. Printed in the U.S.A.

χ2 DISCRIMINATORS FOR TRANSITING PLANET DETECTION IN KEPLER DATA
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ABSTRACT

The Kepler spacecraft observes a host of target stars to detect transiting planets. Requiring a 7.1σ detection in
three years of data yields over 100,000 detections, many of which are false alarms. After a second cut is made
on a robust detection statistic, some 50,000 or more targets still remain. These false alarms waste resources as
they propagate through the remainder of the software pipeline and so a method to discriminate against them is
crucial in maintaining the desired sensitivity to true events. This paper describes a χ2 test which represents a novel
application of an existing formalism developed for false alarm mitigation in searches for gravitational waves. Using
this technique, the false alarm rate can be lowered to ∼5%.

Key word: methods: statistical

1. INTRODUCTION

The Kepler spacecraft continuously observes more than
150,000 target stars in a 115 deg2 field of view to discover
Earth-like planets transiting Sun-like stars through analysis of
photometric data (Borucki et al. 2010; Kock et al. 2010). The
Kepler spacecraft collects photometric data for each target star
which is compressed and stored on-board to be downlinked
at monthly intervals. The Kepler Science Operations Center
at NASA Ames Research Center processes the data with the
Science Processing Pipeline, which is composed of several
modules including the Transiting Planet Search (TPS; Jenkins
et al. 2010). The Science Processing Pipeline calibrates the
pixel data, forms the stellar flux time series, and removes some
known systematics prior to the search for transiting planets.
At this stage the data consists of discrete points which are a
measure of the relative flux from each star, spaced at 30 minute
intervals. A transiting planet blocks a small fraction of the
light received from its star, forming periodic depressions in
the relative flux. The depths of the depressions are related to the
ratio of cross sectional area of the planet to that of the star and the
shapes depend on orbital and stellar parameters. To search for
these transit signatures, TPS employs a bank of wavelet-based
matched filters that form a grid on a three dimensional parameter
space of transit duration, period, and epoch (Jenkins 2002,
2010). The shape of the transit is not taken into account in TPS
since, for simplicity, a square wave model is used. Owing to non-
stationary and non-Gaussian noise, uncorrected systematics, and
poorly mitigated noise events of either astrophysical or non-
astrophysical nature, large spurious threshold crossing events
(TCEs) can be produced by the matched filtering performed
in TPS.

A linear filter for a deterministic signal buried in Gaussian
noise is a simple matched filter (Kay 1999). The output of
a matched filter can be large, both when a true signal is
contained in the data and when the noise mimics the true signal
closely enough. In a perfect detection scenario the noise would
be stationary and Gaussian, furnishing static false alarm and
detection probabilities. Under this scenario, one can easily apply
the Neyman–Pearson criterion to set a detection threshold that
maximizes the detection probability for a given, tolerable, false
alarm rate. In reality however, a plethora of outside influences

can contribute non-stationary and non-Gaussian noise to the
data stream. Effort can and should be made to understand as
many of these peripheral noise sources as possible and remove
their effect through model fitting. Imperfections in the removal
of known noise sources and other spurious noise events may
then however necessitate the formulation of a discrimination
strategy for the remaining false alarms that contribute to a false
alarm rate that is above what is expected from consideration
of Gaussian statistics alone. The chosen discrimination method
should seek to preserve the existing detection probability while
simultaneously reducing the false alarm rate. True positives
should easily pass the test, while false positives should be
mitigated.

A clever approach to this problem was developed by Allen
(Allen 2005) for use in gravitational wave searches in LIGO
data. In that work, the chief astrophysical source of interest
was the inspiraling compact binary system. The signal, or chirp,
from such a system is a sinusoid with both a frequency and
amplitude that diverge as the stars approach the merger phase
of the inspiral event. The χ2 discriminator is essentially built
by breaking up the frequency band of the detector into chunks
and for each chunk comparing the expected response, given
the template waveform, to the actual response. Allen (2005)
shows that the expectation value of the χ2 statistic is inde-
pendent of whether or not a signal is present in the data. This
property makes it a good discriminator since its value devi-
ates from the expectation value only when the noise deviates
from its assumed Gaussianity and stationarity. So it provides a
method for targeting contributions from non-Gaussian tails that
end up furnishing TCEs. Allen’s work goes on to show that under
the assumptions of both stationary and Gaussian noise, the χ2

statistic can be proven to have a χ2 probability density function.
The paper also shows that when there is mismatch between the
true signal and the template, the probability density function of
the χ2 statistic then becomes a non-central χ2 distribution whose
non-centrality parameter depends on both the signal-template
mismatch and the square of the expected signal-to-noise
ratio (S/N).

Allen’s method was originally formulated for use with broad-
band deterministic signals, with unknown signal parameters,
and detectors with potentially non-ideal observing noise. In the
case of planet detection, the problem is similar. The waveforms

1



Documentation Closeout Review 

PART I KEPLER SCIENCE OPERATIONS  
 1  Philosophy and Scope  
 2  Introduction to Kepler Data Processing  
 3  The Kepler Input Catalog  
 4  Target and Aperture Definition 

PART II THE KEPLER PHOTOMETRIC PIPELINE  
 5  Dynamic Black Correction   
 6  Pixel Level Calibrations  
 7  Photometric Analysis  
 8  Finding Optimal Apertures  
 9  Presearch Data Conditioning 

PART III TRANSIT SEARCH ENGINE  
 10  Transiting Planet Search   
 11  A Statistical Bootstrap Test  
 12  Data Validation Diagnostic Tests   
 13  Data Validation Model Fitting   

KDPH Table of Contents 

2016/104 - 103 

11 A Statistical Bootstrap Test 
 11.1 Introduction 
 11.2 Detection Algorithm 
 11.3 Bootstrap Test 
 11.4 Examples 
 11.5 Results 
 11.6 Conclusions 



Documentation Closeout Review 

PART I KEPLER SCIENCE OPERATIONS  
 1  Philosophy and Scope  
 2  Introduction to Kepler Data Processing  
 3  The Kepler Input Catalog  
 4  Target and Aperture Definition 

PART II THE KEPLER PHOTOMETRIC PIPELINE  
 5  Dynamic Black Correction   
 6  Pixel Level Calibrations  
 7  Photometric Analysis  
 8  Finding Optimal Apertures  
 9  Presearch Data Conditioning 

PART III TRANSIT SEARCH ENGINE  
 10  Transiting Planet Search   
 11  A Statistical Bootstrap Test  
 12  Data Validation Diagnostic Tests   
 13  Data Validation Model Fitting   

KDPH Table of Contents 

2016/104 - 104 

Characterizing False 
Alarm Rates vs. SNR 



Documentation Closeout Review 

PART I KEPLER SCIENCE OPERATIONS  
 1  Philosophy and Scope  
 2  Introduction to Kepler Data Processing  
 3  The Kepler Input Catalog  
 4  Target and Aperture Definition 

PART II THE KEPLER PHOTOMETRIC PIPELINE  
 5  Dynamic Black Correction   
 6  Pixel Level Calibrations  
 7  Photometric Analysis  
 8  Finding Optimal Apertures  
 9  Presearch Data Conditioning 

PART III TRANSIT SEARCH ENGINE  
 10  Transiting Planet Search   
 11  A Statistical Bootstrap Test  
 12  Data Validation Diagnostic Tests   
 13  Data Validation Model Fitting   

KDPH Table of Contents 

2016/104 - 105 

12 Data Validation Diagnostic Tests 
 12.1 Introduction 
 12.2 Data Validation Architecture 
 12.3 Data Validation Diagnostic Tests 
  12.3.1 Weak Secondary Test 
  12.3.2 Rolling Band Diagnostics 
  12.3.3 Eclipsing Binary Discrimination Tests  
  12.3.4 Difference Imaging 
  12.3.5 Statistical Bootstrap 
  12.3.6 Centroid Motion Test 
  12.3.7 Ghost Diagnostic Test 
 12.4 KOI Matching 
 12.5 Data Validation Products 
  12.5.1 DV Report 
  12.5.2 DV Report Summary 
 12.6 Summary and Conclusions 



Documentation Closeout Review 

PART I KEPLER SCIENCE OPERATIONS  
 1  Philosophy and Scope  
 2  Introduction to Kepler Data Processing  
 3  The Kepler Input Catalog  
 4  Target and Aperture Definition 

PART II THE KEPLER PHOTOMETRIC PIPELINE  
 5  Dynamic Black Correction   
 6  Pixel Level Calibrations  
 7  Photometric Analysis  
 8  Finding Optimal Apertures  
 9  Presearch Data Conditioning 

PART III TRANSIT SEARCH ENGINE  
 10  Transiting Planet Search   
 11  A Statistical Bootstrap Test  
 12  Data Validation Diagnostic Tests   
 13  Data Validation Model Fitting   

KDPH Table of Contents 

2016/104 - 106 

Contaminated TCEs 

Uncontaminated TCEs 

Ghost Diagnostic 



Documentation Closeout Review 

PART I KEPLER SCIENCE OPERATIONS  
 1  Philosophy and Scope  
 2  Introduction to Kepler Data Processing  
 3  The Kepler Input Catalog  
 4  Target and Aperture Definition 

PART II THE KEPLER PHOTOMETRIC PIPELINE  
 5  Dynamic Black Correction   
 6  Pixel Level Calibrations  
 7  Photometric Analysis  
 8  Finding Optimal Apertures  
 9  Presearch Data Conditioning 

PART III TRANSIT SEARCH ENGINE  
 10  Transiting Planet Search   
 11  A Statistical Bootstrap Test  
 12  Data Validation Diagnostic Tests   
 13  Data Validation Model Fitting   

KDPH Table of Contents 

2016/104 - 107 

13  DV Model Fitting  
 13.1 Introduction  
 13.2 Transit Model Fitting 
  13.2.1 Light Curve Preprocessing 
  13.2.2 Transit Models 
  13.2.3 Transit Signal Generator 

 13.2.4 Iterative Whiting and Model Fitting 
  13.2.5 Reduced Parameter Fitting 
  13.2.6 Trapezoidal Model Fitting  
  13.2.7 Odd-Even Transits Fitting  
  13.2.8 Outputs of Transit Model Fitting 
  13.2.9 Alerts of Failed Fitting Cases 
 13.3 Multiple Planet Search of Target Stars 
 13.4 Performance of Transit Model Fitting  

 13.4.1 Overall statistics of processing 4 years 
of Kepler data with DV 9.3 

 13.4.2 Comparison between DV and KOI 
parameters 

 13.5 Conclusions 



Documentation Closeout Review 

PART I KEPLER SCIENCE OPERATIONS  
 1  Philosophy and Scope  
 2  Introduction to Kepler Data Processing  
 3  The Kepler Input Catalog  
 4  Target and Aperture Definition 

PART II THE KEPLER PHOTOMETRIC PIPELINE  
 5  Dynamic Black Correction   
 6  Pixel Level Calibrations  
 7  Photometric Analysis  
 8  Finding Optimal Apertures  
 9  Presearch Data Conditioning 

PART III TRANSIT SEARCH ENGINE  
 10  Transiting Planet Search   
 11  A Statistical Bootstrap Test  
 12  Data Validation Diagnostic Tests   
 13  Data Validation Model Fitting   

KDPH Table of Contents 

2016/104 - 108 

-30 -20 -10 0 10 20 30
-500

0

500

Phase [Hours]

R
e
la

tiv
e
 F

lu
x 

[p
p
m

]

Limb-Darkened Transit 
Model Fitting 



Documentation Closeout Review 

KDPH Conclusions 

•  The updates to the KDPH are clearly defined 
–  Kepler code is frozen and final processing complete 
–  Front-end KDPH deliveries are nearly complete 
–  ~50% of the back-end KDPH deliveries are complete 

•  Final version (-002) is underway and signed release is scheduled 
for Fall 2016 
–  Front-end KDPH will be ready for DCR review in mid-June, well before 

DCR Step 2 
–  Back-end KDPH will be ready for DCR review in September, ahead of 

the DCR Step 2 in October 
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ORP Purpose & Content 

•  Purpose  
–  Characterize target stars 
–  Find and evaluate planet candidates 
–  Assess resulting planet-candidate catalog 
–  Characterize pipeline performance 
–  Compute planet occurrence rates 
–  Provide multiple entry points for scientific community 

•  Content 
–  Stellar Properties Catalog 
–  Threshold Crossing Event (TCE) Catalog 
–  Kepler Object of Interest (KOI) Catalog 
–  Completeness & Reliability Products 
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ORP Status 

•  First three ORP sets are mature 
–  Produced & delivered to NExScI Exoplanet Archive multiple times (once per 

pipeline release or “activity cycle”) 
–  Documentation peer reviewed and public for > 3 years 

•  Fourth ORP set is significantly less mature 
–  Completed first-time delivery earlier this year (for DR24) 
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ORP Set Source First NExScI 
Delivery & Date 

Primary 
Documentation 

Stellar Properties 
Catalog 

Stellar Properties 
Working Group 

Q1-Q12 in  
March, 2013 

KSCI &  
Publication 

Threshold-Crossing 
Event (TCE) Catalog 

Data Validation (DV) 
module of SOC pipeline 

Q1-Q12 search in 
December, 2012 

Publication &  
on-line material 

Kepler Object of 
Interest (KOI) Catalog 

Science Office with 
support from TCERT 

Q1-Q6 in  
February, 2013 

Publication &  
on-line material 

Completeness & 
Reliability Products Science Office Q1-Q17 DR 24 in 

January, 2016 
Numerous KSCIs  

& Publications 
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Stellar Properties Documentation 

•  Kepler Input Catalog (KIC; Brown et al., 2011) 
–  Released before launch 
–  Used for data collection (i.e., target management) 

•  Stellar Properties Catalog (ORP A.0) 
–  Updated stellar properties in KIC based on subsequent observations 

and analysis 
–  Released for last four KOI catalogs: 

•  Q1-Q12 (Rowe et al. 2013) 
•  Q1-Q16 (Huber et al. 2014) 
•  Q1-Q17 DR24 (KSCI-19083) 
•  Q1-Q17 DR25 (KSCI-19097; Mathur et al. 2016, in prep) 

2016/24 - 113 
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TCE Catalog Documentation 

No. Occurrence Rate Product SOC 9.2 Doc SOC 9.3 Doc 

B.0 TCE table Seader et al. 2015 Twicken et al. 2016 

B.1 TCE stellar & planetary parameters Seader et al. 2015 Twicken et al. 2016 

B.2 Data Validation (DV) report Seader et al. 2015 Twicken et al. 2016 
B.3 DV one-page summary Seader et al. 2015 Twicken et al. 2016 
B.4 Supplemental DV report N/A Planned 
B.5 Supplemental DV one-page summary N/A Planned 

B.6 TCERT vetting products KSCI-19104 Planned 

B.7 DV time series N/A KSCI-19079 
B.8 Centroid robovetter scores N/A Planned 
B.9 Flux robovetter scores N/A Planned 

B.12 Bootstrap metric KSCI-19086 KSCI-19099  

2016/104 - 114 

Hosted at: http://exoplanetarchive.ipac.caltech.edu/index.html 
Notes: N/A = not delivered for SOC 9.2; gray = SOC 9.3 draft 
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KOI Catalog Documentation 

No. Occurrence Rate Product SOC 9.2 Doc SOC 9.3 Doc 
C.0 KOI table Coughlin et al. 2015 Planned 
C.1 KOI dispositions Coughlin et al. 2015 Planned 
C.2 Model fit parameters & associated errors KSCI-19084 Planned 
C.3 False-positive reasons Coughlin et al. 2015 Planned 
C.6 MCMC posterior chains KSCI-19084 Planned 

2016/104 - 115 

Hosted at: http://exoplanetarchive.ipac.caltech.edu/index.html 
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Completeness & Reliability 
 Product Documentation 

No. Occurrence Rate Product SOC 9.2 Doc SOC 9.3 Doc 
A.1 RMS CDPP Burke et al. 2015 Planned 
A.2 Data quality metrics Burke et al. 2015 Planned 
A.3 Multiple-event statistic threshold table Burke et al. 2015 Planned 

C.4 Astrophysical false-positive table Morton et al. 2012; 
Montet et al. 2015 Planned 

C.5 Astrophysical positional probabilities KSCI-19092 Planned 
D.0 Average detection efficiency KSCI-19094 Planned 
D.1 Single-target detection efficiency N/A Planned 
D.2 TCERT detection efficiency KSCI-19096 Planned 
D.3 TPS sensitivity products KSCI-19085 Planned 
D.4 Sensitivity contours N/A Planned 
D.5 TCERT reliability metric N/A Planned 
E.0 FPWG certification results KSCI-19093 Planned 

2016/104 - 116 

Hosted at: http://exoplanetarchive.ipac.caltech.edu/index.html 
Note: N/A = not delivered for SOC 9.2 
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•  Occurrence rate calculations require an estimate of pipeline detection efficiency 
(or completeness) as a function of planet radius and orbital period for each 
individual star  

•  Occurrence Rate Products (ORP) provide three independent estimates: 
–  Simple Analytic Completeness Model (ACM) uses single numbers                 

to specify noise (A.1), amount of data (A.2), & depth of search (A.3) 
–  Intermediate Analytic Completeness Model (ACM) uses full noise             

time series with detailed knowledge of data gaps (D.3) 
–  Numerical Completeness Model (NCM) uses actual TPS machinery                              

to perform ~500K flux-level transit injections per star 

•  Ultimately, all occurrence rate calculations must rely on either simple or 
intermediate ACM, because NCM is only affordable for <1% of stars 

•  Purpose of NCM is to characterize performance of TPS in a general sense and 
to understand/fix/document the limitations of ACM 

2016/104 - 117 

Completeness & Reliability  
Product Overview 

Cost & 
Fidelity 
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Completeness & Reliability  
Product Documentation 

•  Document results of TPS experiments: 
–  Pixel-level transit injection provides pipeline detection efficiency averaged 

over multiple stars (D.0) 
–  Flux-level transit injection provides pipeline detection efficiency contours for 

individual stars (D.1) 
•  Document constructed models: 

–  Simple ACM (D.0, A.1, A.2, A.3) 
–  Intermediate ACM (D.0, D.3) 

•  Document performance and limitations of constructed models, including 
worked examples (D.4) 

2016/104 - 118 
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Completeness & Reliability  
Product Documentation 

•  Once transit search is performed (B.0) and planetary candidate catalog    
is constructed (C.0), how good it it? 
–  Completeness: 

•  What real planets found by pipeline are rejected by vetting?   D.2 (false negatives) 
–  Reliability: 

•  What non-planets found by pipeline are passed by vetting?   D.5 (false positives) 

•  How many candidates are confirmed/indicted by manual inspection?  E.0 (FPWG) 
•  How many candidates are confirmed/indicted by follow-up observations (F.2 – F.4) 
•  How many candidates are confirmed/indicted by detailed modeling?   C.4, C.5 

•  While all these metrics inform completeness and reliability, it is ultimately 
up to science community to determine how/if they are used in specific 
occurrence rate calculations 

2016/104 - 119 
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Completeness & Reliability  
Oversight & Transition 

•  Several factors responsible for late development: 
–  Their research nature: What will Kepler find?  How will pipeline perform? 
–  Dependence on fully automated catalog generation, first achieved for DR 24 
–  Dependence on transit injection & inversion machinery, which matured in 2015 
–  Deeper understanding of mission goals and changing attitudes towards open 

science 
•  Majority developed and delivered for Q1-Q17 DR 24 (i.e., SOC 9.2) 

–  Documentation complete and available for review 
–  Remainder matured for delivery in Q1-Q17 DR 25 (i.e., SOC 9.3) 

•  Recognizing late development and importance, regular external reviews 
conducted to guide development, exercise products, & review documents   
–  Defined and presented at Occurrence Rate Product Review in October, 2014 
–  Used by Hackmasters to compute occurrence rates in October, 2015  
–  Updated Hackmasters on Feb 23; additional telecons in Summer/Fall, 2016 
–  Planned Hackmaster outbrief after final products delivered in March, 2017 

2016/104 - 120 
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Planet Detection Metrics:  
Statistical Bootstrap Test 

•   Table of Contents (B.12, KSCI-19086) 
–  Introduction 
–  Theoretical Considerations 
–  Column Definitions 
–  Results 
–  References 

2016/104 - 121 
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Uniform Modeling of KOIs:  
MCMC Data Release Notes 

•  Table of Contents (C.2 & C.6, KSCI-19084) 
–  Introduction 
–  Directory Structure 
–  Best Fit, Chi-Square Minimization Parameters 
–  Transit Timing Variations 
–  Markov Chains 
–  Using Files to Estimate Posteriors 
–  References 

2016/24 - 122 
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Kepler False Positive Table 

•  Table of Contents (E.0, KSCI-19093) 
–  Introduction 

•  False Positives and False Alarms 
•  Differences Between the FP and KOI Tables 

–  The FPWG Vetting Process 
–  The False Positive Table 

•  Identification Data 
•  KOI False Positive Flags 
•  High-Level FPWG Dispositions 
•  Flux-Based Observational Flags 
•  Offset Observational Flags 
•  Period-Epoch Match Flags 
•  False Alarm Observational Flags 
•  Ground-Based Observational Flags 
•  External False Positive Identification 
•  Supporting Observational Information 
•  Comments 

2016/104 - 123 
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ORP Conclusions 

•  SOC 9.2 effort provides documentation template and excellent dress 
rehearsal for SOC 9.3 effort 
–  Every required document is included in IMS 
–  Final documents will be stand-alone (i.e., not deltas off SOC 9.2 docs) and 

contain worked examples as requested by Hackmasters 

•  Final documentation is scheduled for completion after DCR 
–  RFAs from ORP Review (Oct 2014) were tracked and closed 
–  RFAs from Hack Week (Oct 2015) are linked to IMS, reported weekly, and 

tracked through Monthly Management Reviews 
–  Hackmasters are regularly updated on progress, encouraged to utilize 

products, and asked to scrutinize documentation 

2016/24 - 124 
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Overview of Pipeline Source Code Release 
- Stephen Walker 

2016/24 - 125 
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Pipeline Source Code Release 

•  Purpose 
–  Provide scientific community reference documentation on the 

implementation of the pipeline algorithms 

•  Content/Format 
–  Pipeline source code  

•  Contains lines of code for all the pipeline modules 
•  Maintains directory structure 
•  Includes MATLAB source code (algorithms) 

–  Provide the final processing parameters used 
–  Includes Source Code Release Notes (SCRN) to serve the purpose of 

a read-me file 

2016/104 - 126 
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Summary Status on Pipeline Source 
Code Release 

•  Requests for source code release were received by the project  
directly from the community as well as through the Archives and GO 

•  Source code release has been worked on a non-interference basis 
by the project staff with support from ARC center resources 
–  Worked with the center and NAS resources to determine source code 

release without extended software support for the non-executable code 

•  Source code documentation 
–  Pipeline Source Code Release 
–  Source Code Release Notes (SCRN) 
–  Pipeline Processing Parameters 

•  Source code release will reside at GitHub and the archives may link 
to the source code location 

2016/24 - 127 
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Pipeline Source Code Release Tasks 

•  Tasks complete 
–  Final pipeline source code completed and final processing completed 
–  Project inputs provided for the Software User Agreement (SUA) 
–  Disclosure of Invention forms (NF1679) completed 

•  Delivered final authors list (35 authors) 
•  Completed copyright release and legal review of copyright release 
•  Completed submission to the NASA Technology Transfer System (NTTS) 

–  Software Release Request Authorization (SRRA) submitted and 
signatures received 

–  3rd party library listing submitted 
•  Tasks remaining 

–  Final edit and review of comments within the source code (Project Task) 
–  Final center review for security and privacy risks (Center Task) 

•  Source code review by legal and export control 
•  SUA finalized and published 

–  Final source code release approvals (Center Task) 
–  Final package for delivery (Project Task) 

2016/104 - 128 
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Pipeline Source Code Release 
Conclusions 

•  Project preliminary efforts along with ARC center resources have 
cleared many hurdles 
–  Resolved early legal issues 
–  Obtained assignment of copyrights required prior to final release 
–  Completed multiple center-level release tasks ahead of final 

authorization including receiving management, export, and 
commercialization approvals 

•  Final project steps for source code release are well defined and 
limited in scope 
–  Final source code comment review has always been planned 

•  Center resources involved in the final review have participated in 
preliminary efforts and are prepared for final review 

2016/24 - 129 
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Documentation Delivery Schedules 
- Stephen Walker 

2016/104 - 130 
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Schedule Status-  
Documents Archived at MAST 

2016/104 - 131 

ID Documentation/Product Name Repository Walkthru       Document 
% Complete 

Document 
Delivery Date Unique ID 

H.0 Kepler Instrument Handbook (KIH) MAST	 Step	1	 		 		 		 90%	 4/25/16	 4747	
H.1 Kepler Data Characteristics Handbook (KDCH) MAST	 Step	1	 		 		 		 75%	 6/20/16	 4748	
H.2 Kepler Data Processing Handbook (KDPH) MAST	 Step	1	 		 		 		 50%	 11/18/16	 7906	
H.3 Kepler Archive Manual (KAM) MAST	 Step	1	 		 		 		 90%	 5/10/16	 4750	
H.4 Data Release Note (DRN) MAST	 		 		 		 		 75%	 7/12/16	 7089	
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Schedule Status-  
Products/Documents Archived at NExScI 

2016/104 - 132 

ID Documentation/Product Name Repository Walkthru Product % 
Complete 

Product 
Delivery Date Unique ID Document 

% Complete 
Document 

Delivery Date Unique ID 

A.0 Stellar Properties Catalog  NExScI	 		 100%	 2/2/16	 7078	 50%	 5/3/16	 7643	
A.1 RMS CDPP NExScI	 		 0%	 10/3/16	 7803	 0%	 10/3/16	 7803	
A.2 Data Quality Metrics NExScI	 		 0%	 10/3/16	 7803	 0%	 10/3/16	 7803	

A.3 Multiple-Event Statistic Effective Threshold 
Table NExScI	 		 0%	 10/3/16	 7803	 0%	 10/3/16	 7803	

B.0 Threshold-Crossing Event (TCE) Table NExScI	 		 100%	 3/4/16	 7080	 90%	 4/19/16	 6824	
B.1 TCE Stellar and Planetary Parameters NExScI	 		 100%	 3/4/16	 7080	 90%	 4/19/16	 6824	
B.2 Data Validation Report NExScI	 		 100%	 3/4/16	 7080	 90%	 4/19/16	 6824	
B.3 Data Validation One-Page Summary  NExScI	 		 100%	 3/4/16	 7080	 90%	 4/19/16	 6824	
B.4 Supplemental Data Validation Report NExScI	 		 0%	 7/28/16	 7747	 0%	 7/28/16	 7747	

B.5 Supplemental Data Validation 1-Page 
Summary NExScI	 		 0%	 7/28/16	 7747	 0%	 7/28/16	 7747	

B.6 TCERT Vetting Products NExScI	 		 0%	 11/30/16	 7615	 0%	 11/30/16	 7615	
B.7 DV Time Series NExScI	 		 100%	 3/4/16	 7081	 90%	 4/19/16	 6824	
B.8 Centroid-Robovetter Score NExScI	 		 25%	 11/30/16	 7609	 25%	 11/30/16	 7609	
B.9 Flux-Robovetter Score NExScI	 		 25%	 11/30/16	 7609	 25%	 11/30/16	 7609	

B.12 Bootstrap Metric NExScI	 Step	1	 50%	 5/25/16	 7649	 50%	 5/25/16	 7649	
C.0 KOI Table NExScI	 		 0%	 11/30/16	 7609	 0%	 11/30/16	 7609	
C.1 KOI Dispositions NExScI	 		 0%	 11/30/16	 7609	 0%	 11/30/16	 7609	
C.2 Model Fit Parameters & Associated Error Bars NExScI	 Step	1	 0%	 11/30/16	 7609	 0%	 12/1/16	 7677	
C.3 FP "Reasons"  NExScI	 		 0%	 11/30/16	 7609	 0%	 11/30/16	 7609	
C.4 Astrophysical False Positive Probability NExScI	 		 0%	 3/16/17	 7719	 0%	 3/16/17	 7719	
C.5 Astrophysical Positional Probability NExScI	 		 0%	 10/5/16	 7694	 0%	 10/5/16	 7694	
C.6 MCMC Posterior Chains NExScI	 Step	1	 0%	 12/1/16	 7677	 0%	 12/1/16	 7677	
D.0 Average Detection Efficiency NExScI	 		 0%	 9/29/16	 7729	 0%	 9/29/16	 7729	
D.1 Single-Target Detection Efficiency NExScI	 		 0%	 1/9/17	 7805	 0%	 1/9/17	 7805	
D.2 TCERT Detection Efficiency NExScI	 		 0%	 11/9/16	 7737	 0%	 11/9/16	 7737	
D.3 TPS Sensitivity Products NExScI	 		 0%	 10/24/16	 7804	 0%	 10/24/16	 7804	
D.4 Sensitivity Contours NExScI	 		 0%	 1/23/17	 7806	 0%	 1/23/17	 7806	
D.5 TCERT Reliability Metric NExScI	 		 0%	 11/9/16	 7745	 0%	 11/9/16	 7745	
E.0 FPWG Certification Results NExScI	 Step	1	 0%	 4/27/16	 6314	 0%	 4/27/16	 6314	
F.0 "Gold" Standard Star Spectroscopic Catalog NExScI	 		 100%	 11/15/14	 3304	 50%	 Fall	2016	 FOP	Task	

F.1 "Platinum" Standard Star Spectroscopic 
Catalog NExScI	 		 100%	 12/15/14	 3264	 50%	 Fall	2016	 FOP	Task	

F.2 KOI Spectroscopic Stellar Catalog NExScI	 		 100%	 3/2/2016	 4921	 10%	 August	2016	 FOP	Task	
F.3 KOI Imaging Detection Catalog NExScI	 		 100%	 3/2/2016	 4921	 10%	 August	2016	 FOP	Task	
F.4 KOI Imaging Detection Sensitivity Curves NExScI	 		 100%	 3/2/2016	 4921	 10%	 August	2016	 FOP	Task	
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Schedule Status-  
Source Code Documents at GitHub 

2016/104 - 133 

ID Documentation/Product Name Repository Walkthru       Document 
% Complete 

Document 
Delivery Date Unique ID 

P.0 Pipeline Source Code Release GitHub	 		 		 		 		 0%	 2/10/17	 5805	
P.1 Pipeline Processing Parameters GitHub	 		 		 		 		 0%	 2/10/17	 5805	
P.2 Source Code Release Notes (SCRN) GitHub	 		 		 		 		 0%	 2/10/17	 5805	
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Final Remarks 
- Stephen Walker 

2016/24 - 134 
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Project DCR Assessment 

2016/104 - 135 

DCR Area Tasks for Final Revision Assessment 
Kepler Instrument 
Handbook (KIH) 

Only minor updates required Final release with planned 
updates available late April 

Kepler Data Processing 
Handbook (KDPH) 

Major updates and new chapters. Final document delivery is in 
late 2016. Updated draft 
available in early October 

Kepler Data 
Characteristics Handbook 
(KDCH) 

Final document scope is clear. Final data 
characteristics are currently being 
compiled.  

Final release with planned 
updates available mid-June 
 

Kepler Archive Manual 
(KAM) 

Pipeline 9.3 updates captured and 
document is in final review 

Final release with planned 
updates available mid-May 
 

Occurrence Rate Products 
(ORPs) 

Final ORPs are delivered throughout 
2016 and into early 2017 

External review panel has 
endorsed final ORP list, 
content, and product 
accuracy goals 

Pipeline Source Code 
Release 

Legal review and releases have been 
completed. Code is being reviewed for 
release. 

Final release planned for 
early 2017. 



Documentation Closeout Review 

Conclusions- DCR Step 1 

•  Final documentation set is known and captured in the project 
schedule 

•  Significant project documents are nearing completion 
–  KIH 
–  KDCH 
–  KAM 

•  Plans are in place to complete the remaining handbook 
–  KDPH 

•  Most ORP documents have delivered 9.2 drafts and all have 
adequate oversight by the project’s external ORP review board 

•  Remaining tasks for Pipeline Source Code release are within 
project scope and project tasks are scheduled 

2016/24 - 136 

Closeout documentation is on-track for scheduled delivery and 
successful DCR Step 2 in October 2016 
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Work Remaining For Step 2 

•  Complete KIH, KDCH, KAM 

•  Complete review draft of KDPH with final completion schedule 

•  Execute ORP documentation schedule tasks to completion 

•  Continue process for source code release 

•  Address Step 1 actions 

2016/104 - 137 
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Background 
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DCR Documentation List 

2016/104 - 139 

ID Documentation/Product Name Repository Walkthru       
Document 

% 
Complete 

Document 
Delivery 

Date 
Unique ID 

		

DCR Step 1 
Reference Document 

H.0 Kepler Instrument Handbook (KIH) MAST	 Step	1	 		 		 		 90%	 4/25/16	 4747			 KSCI-19033-001	

H.1 Kepler Data Characteristics Handbook 
(KDCH) MAST	 Step	1	 		 		 		 75%	 6/20/16	 4748			 KSCI-19040-004	

H.2 Kepler Data Processing Handbook (KDPH) MAST	 Step	1	 		 		 		 50%	 11/18/16	 7906			 KSCI-19081-001	
H.3 Kepler Archive Manual (KAM) MAST	 Step	1	 		 		 		 90%	 5/10/16	 4750			 KDMC-10008-005	
H.4 Data Release Note (DRN) MAST	 		 		 		 		 75%	 7/12/16	 7089			 KSCI-19064	

ID Documentation/Product Name Repository Walkthru Product % 
Complete 

Product 
Delivery 

Date 
Unique ID 

Document 
% 

Complete 

Document 
Delivery 

Date 
Unique ID 

		

DCR Step 1 
Reference Document 

A.0 Stellar Properties Catalog  NExScI	 		 100%	 2/2/16	 7078	 50%	 5/3/16	 7643			 KSCI-19097	
A.1 RMS CDPP NExScI	 		 0%	 10/3/16	 7803	 0%	 10/3/16	 7803			 Burke	et	al.	
A.2 Data Quality Metrics NExScI	 		 0%	 10/3/16	 7803	 0%	 10/3/16	 7803			 Burke	et	al.	

A.3 Multiple-Event Statistic Effective Threshold 
Table NExScI	 		 0%	 10/3/16	 7803	 0%	 10/3/16	 7803			 Burke	et	al.	

B.0 Threshold-Crossing Event (TCE) Table NExScI	 		 100%	 3/4/16	 7080	 90%	 4/19/16	 6824			 Seader	et	al.	2015	
B.1 TCE Stellar and Planetary Parameters NExScI	 		 100%	 3/4/16	 7080	 90%	 4/19/16	 6824			 Seader	et	al.	2016	
B.2 Data Validation Report NExScI	 		 100%	 3/4/16	 7080	 90%	 4/19/16	 6824			 Seader	et	al.	2017	
B.3 Data Validation One-Page Summary  NExScI	 		 100%	 3/4/16	 7080	 90%	 4/19/16	 6824			 Seader	et	al.	2018	
B.4 Supplemental Data Validation Report NExScI	 		 0%	 7/28/16	 7747	 0%	 7/28/16	 7747			 		

B.5 Supplemental Data Validation 1-Page 
Summary NExScI	 		 0%	 7/28/16	 7747	 0%	 7/28/16	 7747			 		

B.6 TCERT Vetting Products NExScI	 		 0%	 11/30/16	 7615	 0%	 11/30/16	 7615			 KSCI-19104	
B.7 DV Time Series NExScI	 		 100%	 3/4/16	 7081	 90%	 4/19/16	 6824			 KSCI-19079	
B.8 Centroid-Robovetter Score NExScI	 		 25%	 11/30/16	 7609	 25%	 11/30/16	 7609			 		
B.9 Flux-Robovetter Score NExScI	 		 25%	 11/30/16	 7609	 25%	 11/30/16	 7609			 		

B.12 Bootstrap Metric NExScI	 Step	1	 50%	 5/25/16	 7649	 50%	 5/25/16	 7649			 KSCI-19086	
C.0 KOI Table NExScI	 		 0%	 11/30/16	 7609	 0%	 11/30/16	 7609			 Coughlin	et	al.	2015	
C.1 KOI Dispositions NExScI	 		 0%	 11/30/16	 7609	 0%	 11/30/16	 7609			 Coughlin	et	al.	2016	
C.2 Model Fit Parameters & Associated Error Bars NExScI	 Step	1	 0%	 11/30/16	 7609	 0%	 12/1/16	 7677			 KSCI-19084	
C.3 FP "Reasons"  NExScI	 		 0%	 11/30/16	 7609	 0%	 11/30/16	 7609			 Coughlin	et	al.	2016	
C.4 Astrophysical False Positive Probability NExScI	 		 0%	 3/16/17	 7719	 0%	 3/16/17	 7719			 NExScI	webpage	
C.5 Astrophysical Positional Probability NExScI	 		 0%	 10/5/16	 7694	 0%	 10/5/16	 7694			 KSCI-19092	
C.6 MCMC Posterior Chains NExScI	 Step	1	 0%	 12/1/16	 7677	 0%	 12/1/16	 7677			 KSCI-19084	
D.0 Average Detection Efficiency NExScI	 		 0%	 9/29/16	 7729	 0%	 9/29/16	 7729			 KSCI-19094	
D.1 Single-Target Detection Efficiency NExScI	 		 0%	 1/9/17	 7805	 0%	 1/9/17	 7805			 		
D.2 TCERT Detection Efficiency NExScI	 		 0%	 11/9/16	 7737	 0%	 11/9/16	 7737			 KSCI-19096	
D.3 TPS Sensitivity Products NExScI	 		 0%	 10/24/16	 7804	 0%	 10/24/16	 7804			 KSCI-19085	
D.4 Sensitivity Contours NExScI	 		 0%	 1/23/17	 7806	 0%	 1/23/17	 7806			 		
D.5 TCERT Reliability Metric NExScI	 		 0%	 11/9/16	 7745	 0%	 11/9/16	 7745			 		
E.0 FPWG Certification Results NExScI	 Step	1	 0%	 4/27/16	 6314	 0%	 4/27/16	 6314			 KSCI-19093	
F.0 "Gold" Standard Star Spectroscopic Catalog NExScI	 		 100%	 11/15/14	 3304	 50%	 Fall	2016	 FOP	Task			 		

F.1 "Platinum" Standard Star Spectroscopic 
Catalog NExScI	 		 100%	 12/15/14	 3264	 50%	 Fall	2016	 FOP	Task			 		

F.2 KOI Spectroscopic Stellar Catalog NExScI	 		 100%	 3/2/2016	 4921	 10%	 August	2016	 FOP	Task			 		
F.3 KOI Imaging Detection Catalog NExScI	 		 100%	 3/2/2016	 4921	 10%	 August	2016	 FOP	Task			 		
F.4 KOI Imaging Detection Sensitivity Curves NExScI	 		 100%	 3/2/2016	 4921	 10%	 August	2016	 FOP	Task			 		

ID Documentation/Product Name Repository Walkthru       
Document 

% 
Complete 

Document 
Delivery 

Date 
Unique ID 

		

DCR Step 1 
Reference Document 

P.0 Pipeline Source Code Release GitHub	 		 		 		 		 0%	 2/10/17	 5805			 		
P.1 Pipeline Processing Parameters GitHub	 		 		 		 		 0%	 2/10/17	 5805			 		
P.2 Source Code Release Notes (SCRN) GitHub	 		 		 		 		 0%	 2/10/17	 5805			 		
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MAST Products 

2016/104 - 140 

ID Documentation/Product Name Repository Walkthru       Document % 
Complete 

Document 
Delivery Date Unique ID DCR Step 1 

Reference Document 
R.1 Ancillary Engineering Data MAST	 		 100%	 Data	Collect	 None	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
R.2 SPICE Kernel MAST	 		 100%	 Data	Collect	 None	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
R.3 Reverse Clock Data MAST	 		 100%	 Data	Collect	 None	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
M.1 Long-Cadence Target Pixel Files MAST	 		 100%	 12/10/16	 7058	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
M.2 Long-Cadence Light Curve Files MAST	 		 100%	 12/10/16	 7058	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
M.3 Short Cadence Target Pixel Files MAST	 		 50%	 7/12/16	 7059	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
M.4 Short-Cadence Light Curve Files MAST	 		 50%	 7/12/16	 7059	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
M.5 Full-frame Images MAST	 		 0%	 7/12/16	 7059	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
M.6 Artifact Removal Pixel Files MAST	 		 100%	 12/10/16	 7058	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
M.7 Background Pixel Files MAST	 		 100%	 12/10/16	 7058	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	

M.8a LC Collateral  Data Files MAST	 		 100%	 12/10/16	 7058	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
M.8b SC Collateral  Data Files MAST	 		 75%	 7/12/16	 7059	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
M.9 Cotrending Basis Vector Files MAST	 		 100%	 12/10/16	 7058	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	

M.10 Focal-Plane Characterization Models MAST	 		 100%	 5/10/16	 4750	 		 		 		 KAM,	(KIH,	KDCH,KDPH)	
M.11 PRF Commissioning Data Target Pixel Files MAST	 		 0%	 8/11/16	 7843	 		 		 		 TBD	
H.0 Kepler Instrument Handbook (KIH) MAST	 Step	1	 		 		 		 90%	 4/25/16	 4747	 KSCI-19033-001	
H.1 Kepler Data Characteristics Handbook (KDCH) MAST	 Step	1	 		 		 		 75%	 6/20/16	 4748	 KSCI-19040-004	
H.2 Kepler Data Processing Handbook (KDPH) MAST	 Step	1	 		 		 		 50%	 11/18/16	 7906	 KSCI-19081-001	
H.3 Kepler Archive Manual (KAM) MAST	 Step	1	 		 		 		 90%	 5/10/16	 4750	 KDMC-10008-005	
H.4 Data Release Note (DRN) MAST	 		 		 		 		 75%	 7/12/16	 7089	 KSCI-19064	
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PASP paper 
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PASP paper 
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KSOC-4267: 
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Paper 

Jenkins et al. 
2010 

SPIE paper 

Seader et al. 
2012 

PASP paper 

DV 

KSOC-3158: 
DV Overview 

Document (JT) 

KSOC-3156: 
DV Fitter (JL) 

KSOC-5023: 
Ghost Buster 

(JC) 

Complete 
Draft in Revision 
Scheduled 



Documentation Closeout Review 

Acronyms 

ORP Occurrence Rate Product TCE Threshold Crossing Event 
NExScI NASA Exoplanet Science Institute  PDC Pre-Search Data Conditioning (Pipeline) 
MAST Mikulski Archive for Space Telescopes CAL Pixel Calibration (Pipeline) 
DCR Documentation Close-out Review PA Photometric Analysis (Pipeline) 
KIH Kepler Instrument Handbook TPS Transiting Planet Search (Pipeline) 
KDPH Kepler Data Processing Handbook DV Data Validation (Pipeline) 
KDCH Kepler Data Characteristics Handbook KDRN Kepler Data Release Note 
KAM Kepler Archive Manual SCRN Source Code Release Note 
WCS World Coordinate System PCCB Program Change Control Board 
IMS Integrated Master Schedule GO Guest Observer Office 
FOP Follow-up Observing Program COB Close of Business 
H & M Handbooks & Manuals SO Science Office 
C & R Completeness & Reliability SOC Science Operations Center 
Cat Gen Catalog Generation SUA Software Users Agreement 
SPWG Stellar Properties Working Group NTTS NASA Technology Transfer System 
FPWG False Positive Working Group SRRA Software Release Request Authorization 
KOI Kepler Objects of Interest MOC Mission Operations Center 
DMC Data Management Center (MAST) NAS Numerical Aerodynamics Simulation 
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